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The International Atomic Energy Agency 


HE Second Session of the General Conference of the 
International Atomic Energy Agency came to an 
end on October 4 after two weeks’ deliberations. Some 
325 members of delegations from 66 of the Agency’s 69 
member nations took part, in addition to representatives 
from a number of governmental and non-governmental 
organizations, the U.N. and several special agencies. 
To those who looked for the emergence of a cohesive 
effective force leading co-operative development in the 
peaceful uses of atomic energy, the results of the 
Conference will have come as a disappointment. It is 
by no means clear yet, that the Agency will be able to 
function to good purpose, nor that it will be able to offer 
a better service in terms of fuel, power stations or 
radio-isotope usage, than can be obtained via bi- or 
multilateral agreements between member nations. It is 
even possible that cumbersome machinery introduced by 
the Agency and which member nations feel duty bound 
to use, may hinder normal commercial transactions and 
impose an unnecessary financial burden on the larger 
countries. 


The Under-developed Countries 


In general terms the rdle of the Agency is clear cut. 
It aims to promote peaceful atomic energy developments 
and international collaboration in the field and to help 
under-developed countries. How this is to be done or 
even what is implied in these terms of reference is not 
so easily defined. The Fellowship scheme which has 
been launched has been claimed as a great step forward, 
and certainly the number of requests for such fellowships 
would indicate that the smaller countries regard the 
building up of teams capable of understanding nuclear 
developments an essential exercise. Whether this is 
based on the philosophy that all knowledge is valuable 
or on a genuine faith in the direct applicability of 
nuclear energy is questionable. One cannot avoid the 
feeling that atomic energy is regarded somewhat in the 
light of a magic wand. 

The U.K. attempted to bring a sense of realism into 
this question and pointed out that no reactor has been 
designed which could supply small amounts of power at 
an economic price; the Agency must concentrate on what 
was practicable in the near future. We feel also that 
New Zealand exhibited a more rational attitude in 
asserting that isotopes were of use to a country in exact 
ratio to the strength of its existing research resources, 
than Mr. McCone for the U.S. who urged the Agency to 
. Inaugurate a programme of training, research and 


application in the field of radio-isotopes which would 
make an especially great contribution to alleviate the 
crushing burden of hunger—a primary problem in many 
parts of the world. A magnificent objective, but we 
cannot help feeling that provision of tractors, irrigation 
schemes or even a direct shipment of surplus food would 
constitute a more effective approach. 

On the other hand the Agency can be of great 
assistance to under-developed countries by diverting 
their attentions to other more profitable development 
fields, leaving them confident that should subsequent 
atomic energy research yield results that could have a 
bearing on these countries’ economy, their attention 
would be drawn to it and considered advice would be 
available. 


Supply of Fissile Material 

The value of the Agency as an international broker 
for fissile material must also be called in question. The 
single request (from Japan, for 3 tons of reactor grade 
natural metallic uranium) is for a nominal quantity and, 
we suspect, was made as a gesture to provide experience 
for the Administration machinery. Smaller nations, of 
course, hope that the Agency will give cut-rates, but the 
material must be paid for by someone and the addition 
of a third negotiating party with its administrative 
expenses, could lead to an inflated price. At the same 
time, properly handled (and considerable delicacy will 
be required), the integration of the merchandizing 
department with the controls department could provide 
a smooth transition from the present temporary (and we 
believe synthetic) situation, in which the larger powers 
make strenuous efforts to prevent smaller nations from 
acquiring stocks of high-purity fissile material, to the 
inevitable ultimate situation in which such material is 
available to all nations. The Agency must, by its terms 
of reference, ensure that any material it handles is used 
only for peaceful purposes, but we believe that this will 
not prove to be an onerous task, although politically 
difficult and complicated by the possible agreement for 
military inspection. 

An immediate effective field for the Agency to operate 
in, concerns the establishment of international rules and 
regulations, governing the handling of active material, 
the disposal of waste, the siting of reactors (particularly 
near the borders of two countries) and the operation of 
nuclear propelled ships. A good start has already been 
made by the committee under Professor Randers which 
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has drawn up a draft manual on practices for the 
handling of radioisotopes. An important announce- 
ment was made after the conference that an international 
panel of experts has been set up under Mr. Brynielsson 
of Sweden to study problems connected with the disposal 
of radioactive waste into the sea. 

The Agency is in a peculiarly advantageous position 
for studying such problems, and it is likely that the 
authority of the Agency will depend very largely on the 
effectiveness of these examining committees. 

The Agency has been in existence just one year. It is 
too early yet to judge its effectiveness or to assess its 
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ultimate value to the world. But, now it is in existence, 
it must be given a chance to develop and adequate funds 
must be provided. The present total budget of 
$63 million seems singularly meagre when compared 
with the expenditure in Russia, the United States and 
the United Kingdom. Also quick results cannot be 
expected. In the words of the retiring chairman, 
Dr. Winkler of Czechoslovakia, “One of the main 
conclusions to be drawn (from the first year’s operation), 
is that solid and lasting results in international 
co-operation are achieved only by patient negotiations 
and mutual understanding.” 


The SENN Tender 


ITHOUT any of the drama that was expected, the 

name of the successful bidder for the ENSI power 
project, which is being handled by SENN, has been 
announced. The General Electric Co. of the United 
States, through International General Electric Co. will 
receive letters of intent and later the contract to cover 
the construction of a 150-MW nuclear station at Punta 
Fiume at the mouth of the Garigliano river. The plant 
is scheduled to come into operation in 1962/63 and 
will cost in the region of 39 million lire ($63 million). 

The probable result of the tender examination caused 
considerable speculation and discussion at the recent 
Geneva conference. In the papers presented on the 
project and at a subsequent press conference, it was 
emphasized that the lowest bids for water-moderated 
and graphite-moderated reactors indicated a power cost 
strikingly similar and not more than 10% higher than 
that obtainable from the most modern conventional 
stations. Although the cost per kWh from the General 
Electric bid appeared to be slightly lower than that from 
the G.E.C. (U.K.) bid, the difference was marginal and 
within the limits of the probable error. If the final 
choice had rested solely on technical merit, there were 
suggestions that G.E.C. would probably have received 
the contract, but other considerations carried heavy 
weight. 

Not least among these would be the high proportion 
of work for the boiling water reactor that can be carried 
out by Italian companies. The President of IRI (of 
which SENN is a component group) stressed that in 
association with the agreement with GE, there are two 
further important agreements which govern the pro- 
vision of complete technical information on the steel- 
work in the plant, including the pressure vessel and 
ducting, and also on the fuel elements. The first core 


will be supplied by the U.S. but reserve fuel elements - 


will be manufactured by Ansaldo who will supply in toto 
the second core for the power station. Steel for the 
pressure vessel and piping will be manufactured by 
FINSIDER. All in all it is estimated that Italian com- 
panies will build some 70% of the plant components. 

In addition there is a natural desire on the part of the 
Italian Government for as much experience as possible 
to be accumulated in the country and, as the power costs 
from the two types of plant were so similar, the choice 
leaned towards the water reactor in view of the existing 


Latina project for which the Nuclear Power Plant Co., 
Ltd., and SIMEA will build a 200-MW graphite- 
moderated gas-cooled nuclear power station at Latina 
in the south of Italy. 

The reasons for the absence of ceremony, however, 
are by no means clear. A possible explanation concerns 
the negotiations in hand with Euratom which would 
provide for the inclusion of the SENN plant in the pro- 
gramme worked out between Euratom and the United 
States in the early Summer. In addition, the Italian 
Government is required to carry insurance risks and, 
until these matters are finalized, it may be felt that some 
modification to the plant design may not be out of the 
question. 

An alternative theory put forward is that SENN are 
demanding material changes in the design submitted by 
GE and that, although they have accepted the basic 
concept of the design, additional demands are sufficiently 
fundamental for a protracted period of re-design and 
re-negotiation to be necessary. Presumably some clarifi- 
cation of these points will appear in the course of the 
next few weeks. 

It was perhaps unreasonable in the first place to look 
upon this tender and international examination as a real 
test case, with more general implications. In many 
quarters it was felt that the results of the examination 
would have a great bearing on the thinking of other 
prospective builders, but the special influences peculiar 
to this particular project would appear to have been 
dominant once the original weeding out had been 
accomplished and the results are not, therefore, applic- 
able to any other plant. The examination has perhaps 
re-emphasized the fact that there are only two reactor 
systems capable of producing nuclear energy at an 
economic price and, until much more operational 
experience has been obtained, selection is going to 
depend on local conditions, sales technique and political 
factors, but most important among these will figure the 
value of the contract to companies in the purchasing 
country. 

None-the-less the precedent that this project 
establishes in terms of financing by the World Bank may 
do much to smooth the path of future projects where 
raising of the initial capital could be a major deterrent to 
turning to nuclear energy. 
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DIGEST... 


SENN Contract Placed 
with I.G.E. 


Euratom-U.S. Agreement 
Postponement 


C.E.G.B. Propose Site 
in? Suffolk 


U.S.A.E.C. Seeks Reactor 
Proposals 


Surveying 
Significant News 


On September 25 the President of IRI announced that the contract for a 
150-MW boiling water reactor nuclear station would be placed with the 
International General Electric Co. The station is to be built at Punta Fiume at 
the mouth of the Garigliano and is scheduled for completion at the end of 1962 
or early 1963. The reactor will be of the dual cycle boiling water type designed 
by the General Electric’s Atomic Power Equipment Department at San Jose, 
with plant design engineering by Ebasco Services Inc. The reactor will be 
housed in a 160 ft steel sphere and the design allows for possible increases in 
electrical output without fundamental changes to the reactor equipment. The 
main contract provides for the supply of complete technical information; reserve 
elements for the first core and the complete second core will be constructed in 
Italy. In all some 70% of the plant components will be made in Italy. Negotia- 
tions are in hand aimed at including this project within the Euratom/U.S. 
programme. 


Although no final barriers are anticipated to a ratification of the Euratom-U:S. 
agreement the proposed signing ceremony scheduled to take place in the U.S. has 
been postponed, nominally through the ill-health of M. Armand. The French 
government has requested that the present President of Euratom should be 
replaced by M. Etienne Hirsch but whether this is as a result of clinical or political 
forces within the de Gaulle régime is questionable as M. Armand is expected to 
take over the previous post held by M. Hirsch at the Planning Commission. 
Following the two-day Euratom conference in Brussels at the beginning of 
October no indications were given as to whether a change of front on the part 
of France should be expected. 


The C.E.G.B. have announced that they will make application to the Ministry 
of Power and to the local planning authority for consent to develop a site in 
Sizewell in Suffolk for their sixth nuclear station. Located two miles east of 
the town of Leiston the area offers good civil engineering conditions with 
adequate supplies of cooling water. The proposed station will have an output 
capacity of about 650 MW but the site is capable of further development. Even 
assuming that early approval is granted, it is unlikely that contracts will be placed 
for the station in 1959. 


Proposals for the development, design, construction and operation of a gas- 
cooled graphite moderated reactor will be received by the U.S.A.E.C. up till 
November 21. To ensure that the subsequent design study makes a real 
contribution to the gas-cooled graphite moderated field, a minimum gas exit 
temperature of 1,000°F has been specified. Scheduled date for completion of 
construction is December 31, 1962. Expected rating is 30-60 MW electrical. 


Proposals are now due for preliminary design and engineering studies and cost 
estimates for power plant employing three reactor concepts; boiling water, 
pressurized water, and organic cooled. Separate cost-plus fixed-fee contracts 
will be awarded for each study. The purpose is to explore what reactor concept 
would constitute the most economical nuclear power station, taking into 
consideration present status of technology, future requirements, characteristics 
of available generating equipment and possibility of start of construction in the 
U.S. or abroad by July, 1960. 


Proposals have also been invited for development work and conceptual design 
for a fast breeder using a plutonium oxide/uranium oxide fuel cycle as a successor 
to EBR-1 and 2 and the Enrico Fermi plant at Monroe. 
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Revision of Sweden’s Power 


Reactor Programme 


I.A.E.A. to Study 


Sea Pollution 


A.I. Multi-purpose 
Reactor Study for Spain 


Fate of Windscale 
No. 2 


Shipment Regulations 
for Enriched U 


A.E.C. Encourages Private 
Test Reactor Construction 


Brazil-Italy 


Co-operation Pact 
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The Swedish reactor programme is being rephased to take advantage of recent 
advances in technology and new evaluation of the economics of combining 
electricity generation with process steam production. Projects Adam and Eve 
as such have been dropped and R-3 is being redesigned with a rating of about 
100 MW to provide direct experience in the construction and operation of a 
full scale plant. Details have not yet been finalized but it is probable that the 
station will be built at Farsta, by ASEA in collaboration with AB Atomenergi. 


An international panel of experts under the leadership of Mr. Brynielsson, head 
of the Swedish A.E.A., will study problems connected with the disposal of 
radioactive waste into the sea. This was announced on October 10 and is in 
response to a resolution passed by the U.N. conference on the Law of the Sea 
at the end of April of this year, in which the I.A.E.A. were given wide terms to 
pursue whatever studies and take whatever action necessary. At a meeting 
earlier in the same week, the Board of Governors accepted, on a provisional basis, 
the draft prepared on safe practices in the use of radioisotopes. This will be 
used as a manual governing the Agency’s own operation and as a model for 
member governments. 


The Junta de Energia Nuclear has commissioned Atomics International to 
make a study of a multi-purpose plant to produce radioisotopes to provide 
facilities for testing reactor fuel elements and at the same time generate 20 MW 
of electricity. The plant envisaged would be a heavy-water moderated plant 
cooled by an organic material. The contract calls for the preparation of plant 
description, flow sheets, lay-outs and estimated cost of design, construction and 
operatiz2 of the plant. A Spanish group, Tecnatom, is also participating. 


Although no final decision has yet been taken the chances of No. 2 Windscale 
reactor being restarted are diminishing. Following the recommendations of 
the Fleck Committee on the modifications necessary to ensure safe operation, 
a team of the Industrial Group has been evaluating the cost and effort involved. 
As the whole of the Calder station and half the Chapelcross station will be in 
operation before No. 2 at Windscale could be refurbished, the military justifica- 
tion is not large. As discussed recently, however, sealing of this reactor will 
seriously curtail our isotope production and upset many programmes based upon 
the Windscale production. A protracted shut-down was, nevertheless, inevitable 
and it would appear that the Authority does not feel able to justify the 
considerable expense and effort required to restart No. 2. 


The U.S.A.E.C. has published regulations concerning the shipment of enriched 
material designed to ensure that no criticality incident can occur. The limits 
placed on a licensee for transport in his own vehicle is 350 g U®® and 200 g of 
either U5 or plutonium. For delivery to a carrier the equivalent figures are 
100 g U** and 60 g U?® or plutonium. The lower figure is to guard against the 
possibility of transporting several batches of material in the same vehicle and 
in positions which could give rise to criticality accidents. The A.E.C. are 
prepared to make exceptions in special cases provided full shipping procedures 
have been approved. 


The U.S.A.E.C. is seeking to encourage the construction and ownership of 
testing reactors by industrial concerns and also to support financially those 
reactors either operating or in the process of erection by requesting proposals for 
the performance of test irradiation services for the Commission. Such services 
would be used for both the military and civilian programmes and would include 
fuel element development. The Commission believes that a large part of its 
requirements can be met in this way. 


Brazil and Italy signed, at the beginning of September, an agreement of 
co-operation for the exchange of information and experience in the field of 
nuclear energy. The liaison calls for a common training programme and is 
likely to have wider implications in other branches of science. Brazil is to send 
to Italy students and technicians to work on the ENSI and Latina projects. A 
joint programme for mineral research is also envisaged. 
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A Nuelear Whaler 


This article is a condensation of a study conducted by an international team of 
engineers as part of the Nuclear Engineering Programme at the University of 


California, Berkeley. 


Asie application of nuclear energy is, at present, 

generally recognized to be uneconomic for general 
propulsion! except in circumstances where other considera- 
tions apply. It is suggested that such a special situation 
arises in the case of a whaling factory ship where the 
reactor provides not only propulsive power, but process 
steam? and isotopes for the irradiation processing of the 
product. 

The economics of the scheme are not merely based on 
the actual difference between the cost of nuclear fuel 
against oil. A factor which must be taken into account 
is that although the British Commonwealth catches 
approximately 8,000 whales, this provides only 60% of 
internal requirements of edible whale meat, most of the 
product being processed in the form of whale meat meal. 
The use of irradiation and rapid processing would enable 
a much higher proportion of whale meat to be produced 
in edible form*:‘ and, instead of requiring to import meat, 
it could actually be exported, commanding a higher price 
than the meal. This would, of course, considerably affect 
the balance sheet of the entire operation. A fuller analysis 
of the scheme is given in the Appendix, based on four 
whaling fleets, i.e. four factory ships. 

The proposed reactor is pressurized light water moderated 
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Nuclear Design 


The propulsion power required for an average sized 
whaling factory ship® is about 8,000s.h.p. Auxiliary power of 
3,000 kW is provided. Process steam requirement for the 
whale oil extraction was estimated at 28,000 lb/h at low 
pressures and quality. From these estimates, and taking a 
power generation efficiency of 25% and a diversity factor 
of 70%, maximum reactor power was estimated at 35 MW 
of heat. 

The reactor is shown in section in Fig. 2, the core, 
composed of 198 plate type fuel elements, arrayed as shown 
in Fig. 3. 

The fuel plates are 7 cm wide, 190 cm long, and 0.30 cm 
thick. The fuel, a zirconium-uranium powdered compact 
(23% U), is 0.25 cm thick, with zirconium cladding 0.025 cm 
on each side. Eleven of these plates are assembled in a 
square zirconium box 7.6 cm X 7.6 cm X 190 cm, and consti- 
tute one fuel element (Fig. 3). 


Calculations were made to determine k~ for various 
U* enrichments and moderator ratios, results being shown 
in Fig. 4. An atomic moderator ratio M of 200 was 
selected. It may be pointed out that lower values of M 
gave higher values of k~ for E of 5%, but the reactor 
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and cooled, with a heat output of 35 MW and an operating 
cycle of nine months (i.e. one whaling season) although 
this could quite easily be extended to a year and nine 
months to cover two seasons. It would operate at 600°F 
and 2,000 p.s.i., fuelled with 6.16% enriched uranium in 
the form of a dispersion in zirconium, with the same metal 
used for cladding the fuel elements, the total amount of 
U® being 75.9 kg. 

Irradiation capacity for 150 tons/day would be provided 
by In"6 produced from a blanket of In surrounding 
the core. The cross-section and half-life of these two 
indium isotopes are particularly convenient. 
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would have operated in the epithermal region with the 
attendant control problems. The values selected for calcu- 
lations are enrichment 5%; moderator ratio 200: 1; and 
k=1.345. 

The core has four regions, the fuel elements being 
surrounded by a 3 cm water reflector, to slow down the fast 
neutrons from the core to the resonance energy level for 
absorption in the indium blanket of 1 mm thickness (kept 
small to minimize self-shielding). These three regions are 
surrounded by a 15 cm thick thermal reflector of water. 

The critical radius R of the core was computed by a 
2-group, 4-region calculation. The method employed is the 
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same as proposed by Spinrad and Kurath® using the theory 
developed by Garabedian’ and gave a figure of 64.9 cm. 

The fast and slow neutron fluxes and currents were 
computed, the flux plot being as shown in Fig. 5 where 
the region near the indium blanket is also shown on an 
expanded scale. It will be seen that the outer water reflector 
makes quite a contribution of slow neutrons, for absorption 
by indium. 


Fuel Loading 

The critical radius of 64.9 cm establishes a critical mass 
of 61.5 kg of U*®. The enrichment was increased to 5.6% 
to provide a safety margin in the critical assembly. 

A “ Reactiveness ” plot (Fig. 6) was made® on the basis 
of reactor operation at 35 MW for a period of nine months 
at 50% load factor. This established the ratio of initial 
to final enrichment of 1.1 which, in conjunction with the 
5.6% initial enrichment determined the 6.16% enrichment 
utilized. The final loading is 1,230 kg of U with 75.9 kg 
of U5, 


Control Rods 


Excess reactivity of 0.063 is provided to allow 0.024 for 
poisoning; 0.015 for burn-up; 0.018 for temperature 
coefficient of reactivity; 0.006 for power control. 

Four shim rods each controlling 0.004 Ak/k are provided 
to compensate for the burn-up. Four coarse control rods, 
each controlling 0.0055 Ak/k are provided to account for 
the greater reactivity at room temperature and for bringing 
the reactor to power. Two fine control rods, each con- 
trolling 0.001 Ak/k control the reactor power during steady 
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state operation. Eight safety rods. each controlling 
0.01 Ak/k are provided, and the maximum reactivity 
change which can be controlled by the safety rods in any 
power surge is 5.6%. 

The control rod positions in the core are shown in Fig. 3. 
The material for all control rods is Boron steel. 


Heat Transfer 


The coolant channels are orificed in order to obtain a 
uniform temperature rise of water coolant, since the radial 
reactor power generation approximates to a cosine distribu- 
tion. A total coolant flow of 11,875 Ib/h, distributed 
radially along the core proportional to power generation 
distribution is required to absorb the 35 MW heat generated 
in the core. 

The heat transfer coefficient based upon the Dittus-Boelter 
equation? varies in value from 1,835 to 150 B.t.u./h, ft?, °F. 
The heat transfer area for the core is 5,480 ft®. Hot-spot 
factors (axial and radial) resulting from the neutron flux 
distribution for the core geometry were found to be: axial 
1.442; radial 1.880; totalling 2.722. The presence of the 
indium blanket prevents flux flattening, accounting for the 
high values of H.S.F. 
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Fig. 2.—(Left) Section through reactor. 


Fig. 2a.—(Above) Enlarged view of 
shielding. 














COOLING JACKE 


The uncertainties of fuel spacing (10%), heat trans- 
fer coefficient (10%), physics (10%), overload (20%), 
and loss of coolant flow (10%) were considered. 
The resulting maximum 656°F hot-spot temperature com- 
pares favourably with the 665°F saturation temperature at 
2,000 p.s.i. The temperature distribution along the length 
of a fuel element for the nominal conditions is shown in 
Fig. 7. 


Reactor Shielding 

Biological shielding is designed for a maximum of 1/2 
tolerance dose (50 mr/week) outside the shield. The shield 
materials used are lead, primarily for gamma shielding, and 
water, for fast neutron shielding. The gamma flux is 
calculated for 1, 3, 5 and 7 MeV photons. The calculate«! 


thicknesses for the lead are 30 cm radial and 10 cm above 
the pressure vessel: for the water, corresponding thicknesses 
are 170 cm and 360 cm. The thermal shield, consisting of 
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three 5 cm steel plates with 2 cm coolant passages, is 
housed inside the pressure vessel. 


Indium Blanket 

By passing In! through the reactor, In™® is formed on 
a continuous basis. The disintegration of In"™® generates 
the gamma rays needed to irradiate the meat. It will 
require absorption of 1.1910! MeV/sec of gamma rays 


=, Fig. 3.—Plan of core. 


S. Shim rods. 
C. Coarse control rods. 


F. Fine control rods. 
Ak Safety rods. 
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to give one ton/day of whale meat a dose of 2 megareps. If 
an absorber chamber efficiency of 10% is assumed, then 
the chamber must contain enough In" to generate 
1.19 10!® MeV/sec per ton per day. Indium"* decays 
with a half-life of 54 minutes, approximately 2.03 photons 
at 1.22 MeV being emitted for a total energy emission per 
disintegration of 2.48 MeV. 
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Fig. 4.—Multiplication factor ka. 


Above: plotted against moderator/U** molecular ratio M. 
Below: plotted against enrichment (U?*5/U) ratio E. 
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Fig. 3a.—Proposed fuel cell. 


The area of the indium blanket in the reactor is 
8,100 cm2, the thickness is 0.1 cm, so that the volume avail- 
able in the blanket is 810 cm?, 


Safety 

The design of this reactor dictates the inclusion of a large 
amount of fuel, because of the high absorption of the 
indium. The reactor will operate as a bare reactor and all 
neutrons which reach the wall of the tank will be absorbed 
by the indium and will not be reflected back as thermal 
neutrons. 

Leakage of the indium loop would constitute a hazard. 
Monitoring controls of the work area will detect leakage 
and shut the reactor down; these controls are interlocked 
so that the liquid indium is then drained ‘back into a storage 
reservoir in case of a leak in the loop. Borated water is 
introduced into the core in this case. 

The steam does not become radioactive because it is not 
bombarded by neutrons, so a leak in this system will not 
create a health hazard. The controls are interlocked to 
shut down the reactor power to prevent a rise in reactor 
temperature in the event of a loss of coolant. 


Installation Design 

The reactor is located in the after end of the ship to 
reduce the amount of piping and to provide more space 
amidships for processing (Fig. 1). The concentrated load 
of the reactor pressure vessel and the lead shield is distri- 
buted over the hull of the ship by means of the water shield 
which surrounds the reactor containment. The total weight 
of the equipment inside the containment is estimated at 
approximately 800 tons. The buoyancy of the containment 
is approximately 700 tons. A section of the contain- 
ment unit is shown in Fig. 9. 

The steam system is designed for a total load of 
10.88 x 10’ B.t.u./h. A breakdown of the load is given 











in Table 1. 
TABLE 1 
Breakdown of Heat Requirements 
Service Million B.t.u./h 

Propulsion, 8,000 h.v. .. ox ee és - ee 81.5 
Auxiliary power, 3,000 kW... ea ee ce ion 39.5 
Whale-oil processing .. x ad S a =< 28.0 
Distilled water for washing meat (500 tons/day) .. PY 4.0 

153.0 














A 70% diversity is used based on the assumption that 
full-speed propulsion is not needed when the processing is 
going on. The installation consists of two loops, a primary 
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Fig. 5.—Relative flux distribution in reactor. 


pressurized water loop made up of the reactor vessel, the 
boilers, and circulating pumps. A secondary cycle consist- 
ing of the steam systems originating with the boilers, the 
steam distribution piping to the turbines, the generator, and 
the refrigeration compressor (Fig. 10). 

Three heat -exchanger-type boilers are provided for 
diversity on low steam loads to provide some capacity in 
the event of failure of one boiler. They are of the shel! 
and tube type, generating steam at 600 p.s.i. and 486°F on 
the shell side, with water from the reactor at 2,000 p.s.i. 
and 600°F on the tube side. 

One propulsion turbine generating 8,000 h.p. drives the 
propeller through a gearbox. A single four-bladed pro- 
peller, 19 ft diameter, turning at 200 r.p.m. for full-speed 
propulsion at 15 knots is utilized. There is also a 1,500 h.p. 
auxiliary electric motor powered by an auxiliary Diesel 
generator set to provide propulsion for manceuvring in port. 

Each turbine condenser is designed for 5 in. Hg abs. 
pressure with 50°F cooling sea water. The main propulsion 
turbine condenser is Oversize, so that full capacity of the 
reactor can be dumped directly by means of a by-pass valve 
in the event of a turbine failure or rapid changes in load. 


Process Steam and Evaporators 


The whaling factory operation requires about 500 tons of 
fresh water per day to wash the meat and process the oil. 
This water must have a salinity of less than 200 ppm and 
is classed as potable. Also one of the reactor shields is a 
7 ft thick water blanket, which will require desalted water, 
rather than sea water, in order to reduce the production of 
hazardous radiation resulting from activation of the salts. 









































ik ae, aa a Ua a a a ts i ea (a 1 
¥ HOT SPOT 7 
i | en - 
600 | 
a j TT 
e o- 3 
a FUEL ELEMENT 
a = KI = 
= - siti 
ee 3 | = WATER q 
a 
= 
a 
z= Ss Land 
= - ; 
500}-pe= 
if 1 l | lL 4 l 1 1 l 1 1 l l l aT 1 1 | 
-1047 8 60 -40 -20 ¢ 20 40~—Stsé« 95 1047 
65-6 = 
fe) 
v 





November, 1958 


The distillation plant consists of multiple stills connected 
so that the condensate from each still supplies heat for 
boiling the water from the subsequent still, and the brine 
drawn off is circulated through heat exchangers to heat the 
incoming sea water. The overall efficiency of the multiple 
effect distillation process is high, and the energy required 
is less than 250 B.t.u./Ib of distillate. 

An ion-exchange demineralizer is provided to purify the 
water which is used in the reactor primary pressurized 
system. 

Heat for the water which is used for washing the meat is 
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Fig. 6.—Reactiveness—against time. 


supplied by means of steam and water mixers to produce 
fresh water at any temperature desired. Steam for reduc- 
tion of whale oil is taken directly from the steam mains and 
is reduced to the pressure desired. 

Refrigeration is provided by means of a Freon ges 
system. Three centrifugal compressors are provided; two 
are steam driven with a capacity for cooling 150 tons/dzy 
from 100°F to 40°F, and to maintain the storage lockers 
at 40°F. The third compressor is electrically driven, with 
a 200-ton capacity for stand-by and to carry the load when 
the ship is in port. 


Irradiation Facility 

Complete sterilization of food requires an irradiation 
dose of 2 X 10° reps (2 megareps). Whale meat thus 
treated will keep for 3-6 months without any refrigeration, 
provided post-contamination can be prevented (in effect. 
this requires packaging of the meat before irradiation). If 
irradiation doses of 0.1 to 0.8 megareps are used, the meat 
is “ pasteurized ” instead of sterilized and again will keep 
indefinitely if only mildly refrigerated, say at 40°F. The 
introduction of undesirable flavour in the meat is also 
minimized by the lower dose. The irradiation facility pro- 
posed can be used for either sterilization or pasteurization 
by changing the speed of the food conveyor through the 
irradiation chamber. (See Fig. 8.) 

A prepackaging plant is included, which will seal slabs 
of whale meat in polythene bags prior to irradiation. 

The basic approach proposed for the whaler is to gear 
the food preservation to the rate of whale capture. When 
the catch is light, the conveyor will be run slowly, the meat 
completely sterilized and stored in ambient temperature 
holds. When the catch is heavy, the conveyor will be run 
rapidly, the meat pasteurized and stored in holds 


refrigerated to only 40°F. 
The whale meat will be cut up into slabs 6 in. x2 in. x 2 ft 
which will weigh approximately 10 Ib each. Thin-film 
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polythene, on drums 10 in. wide, will be laid over and under 
the meat slabs. Electronically heated wheels will weld the 
plastic around the meat. The resultant long strip of plastic 
containing pockets, with a slab of meat in each pocket, will 
then be conveyed to the irradiation chamber. 
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The prepackaging plant will handle 150 tons per 24 hour 
day. This is equivalent to 20 10-lb slabs per minute. 

The irradiation chamber will handle 150 tons per 24 hour 
day, at a dose of 0.3 megareps, or 21.8 tons/day at a dose 
of 2 megareps. 

The refrigerated hold will contain 5,000 tons of meat ai 
40°F. The meat will be periodically shipped to the home 
country in a refrigerated ship. Unrefrigerated storage is 
basically unlimited. 


Maintenance 


The reactor piping system is designed with duplicate 
pumps to provide a stand-by for the equipment most subject 
to failure. Two special pumps are required for reactor 
water circulation. These are sealed rotor type pumps made 
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Fig. 8.—(Below) Section of irradiation chamber showing 
conveyor. 
Fig. 9.—(Left) Reactor and boiler arrangement. 
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of stainless steel, while electromagnetic pumps are used for 
circulation of indium. Other pumps are standard marine 
equipment. 

The equipment inside the containment capsule can be 
serviced at sea by means of the entrance hatch provided 
through the water shield. This could be done by draining 
the water from the tunnel after a cooling-off time of one 


hour. The equipment outside the water shield can be 
serviced by the usual methods for standard ship 
installations. 
Refuelling 


Spare fuel elements can be installed in the core at sea by 
means of a hoist through the cylindrical shell above the 
reactor vessel (Fig. 9). In the event of a rupture of a fuel 
element, it can be replaced in a lead container and lowered 
overboard for storage, or stored aboard ship, while the 
ship returns to port. 
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Extended core life can be obtained after the irradiation of 
meat is completed by shutting down the indium loop and 
draining the indium from the core jacket. This could be 
used to compensate for burn-up and for loss of a few fuel 
elements. 


Conclusion 


From the foregoing and the figures given in the 
appendix, it will be seen that the potential return on invest- 
ment is 21% i.e., the extra cost could be recovered in five 
years. 

These data indicate that a substantial profit margin exists. 
However, the assumption necessary to arrive at the figures 
used are quite broad, and the conditions required for 
successful production of the meat are not presently avail- 
able and are to a large extent independent of the use of 
the reactor. 

Savings in fuel oil alone are inadequate to justify installa- 
tion of a reactor. The production of edible whale meat 
must be realized in order to justify the investment. 
However, the sterilization capacity of the reactor cannot 
be properly assessed until other problems inherent in the 
whaling industry are first solved, so that the meat can be 
processed, packaged, and irradiated before deterioration 
begins. 

The practical contributions of the nuclear reactor tc 
whaling are the sterilization by irradiation, in conjunction 
with pre-packaging, to permit indefinite storage of whale 
meat at moderate temperatures without any loss of 
palatability; and cheap steam and hot water to keep the 
flensing deck clean. 

The production of whale meat can be enhanced consider- 
ably by the use of a nuclear reactor as proposed by this 
study, but the whaling rules, as laid down by the 
International Whaling Convention, will also have to be 
changed to make this possible. 

The present severe competition to catch as many whales 
as possible before the world limit is reached leads to over- 
crowding the capacity of the factory ship, and storage of 
whales in the water for the maximum permitted limit. 
Cleanliness on the decks is sacrificed for speed and, since 
getting the whale meat in a fresh, storable condition is 
difficult anyway, the entire emphasis is on whale oil 
production. 

The changes in the whaling laws required to permit the 
competitive production of meat instead of oil are: 

a. Decrease in the time a whale may be left in the water 

(at present 33 hours). 

b. An extension of the whaling season to permit the 
slower processing rate (associated with meat produc- 
tion) to accumulate the legal catch. 

c. Possible rationing of whale catch between the nations 
engaged. This is being influenced now by the ration- 
ing of catcher, towing and ferry boats for each 
expedition. 
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APPENDIX 


Commonwealth countries catch each year 
Potential yield of meat from each whale (now largely processed 


8,000 whales 


as meal) - “ 7-10 tons 
Assuming that 5 tons could be processed | as meat, the potential 
Commonwealth yield would be ,000 cwr 


At present the U.K. obtains 114,021 cwt of whale meat from 
Commonwealth sources and 66,110 cwt from foreign 


countries: total .. 180,131 cwe 
With 800,000 cwt of whale meat “available, export potential 
would be 800,000—180,000 cwr= 620,000 cwt 


Worth £1.68 per cwt more than meal, so ‘that potential profit i is £1 ,040,900 
Savings in import cost would be approximately ee 


A typical whaling factory ship has a fuel oil consumption of 22,500 tons 
At £7/ton the cost of fuel for four ships would be : ws £630,000 
Nuclear Fuel Costs 
Fuel burn-up for each reactor .. 7 kg 
At 6.16% enrichment the cost is approximately £8.8 per z 
of U5, including element fabrication and reprocessing, 
so that burn-up charges would be .. £246,000 
Annual rental, based on 4% charges on 75.9 kg for each 
reactor (equivalent to 4.5 shillings per - 3 £67,600 
Total nuclear fuel cost .. es £314,000 
Total saving on fuel costs would be £630, 000— £314; 000. £316,000 
Additional cost of reactor for each ship, approximately .  £1,000,000 
Additional annual charges at 12% for four ships £480,000 
Additional personnel costs (1 health physicist, 2 electronic 
technicians, 2 irradiation specialists for each ship) total annual £72,000 
Balance 
Fuel oil savings .. ie ae ss es ‘ws £316,000 
Savings on imported meat. “se ar ei ws ,000 
Export of additional edible meat _ £1,040,000 
£1,404,000 
Less 
Extra personnel ee ie ae dn £72,000 
and fixed charges Me or as aa £480,000 
£552,000 
Net gain . £852,000 


giving a 21% return on an extra “outlay for reactors of £4,000,000 for the 
four ships. 








Un projet de baleinier ma par l’énergie nucléaire 


Afin de rendre la propulsion nucléaire économique en marine, 
il est nécessaire de faire en sorte que d’autres économies soient 
effectuées. Un réacteur de propulsion dans le “ navire-usine ” 
dune flotte de baleiniers pourrait étre employé pour la production 
d’isotopes en vue de la stérilisation de la viande de baleine par 
irradiation et cela, allié a des provisions abondantes de vapeur 
et d’eau chaude pour les opérations de nettoyage, permettrait la 
production sous forme comestible d’une plus grande proportion 
de la viande de baleine totale, et ainsi un prix plus élevé serait 
obtenu. On calcule qu’avec quatre flottes le coiit pourrait étre 
amorti en cing ans. Le réacteur proposé est du type a eau 
légére pressurisée, avec un rendement de chaleur de 35 MW. 
Il a une couverture d’indium pour la production d’isotopes. 


Projekt eines Kernkraft-getriebenen Walfangers 


Um Kernkraft-Antrieb fiir Seeschiffe_ wirtschaftlich zu 
gestalten, muss man dafiir sorgen, dass auch weitere Ersparnisse 
mit solchem . Antrieb Hand-in-Hand gehen. Ein Antriebs- 
Reaktor im “* Mutter-Schiff”’ einer Walfang-Flotte kénnte dazu 
benutzt werden, um Isotopen herzustellen, die zur Sterilisierung 
von Walfischfleisch durch Bestrahlung dienen kénnten, und dies 
zusammen mit der reichlichen Versorgung mit Dampf und 
heissem Wasser fiir Reinigungszwecke wiirde es ermdglichen, 
einen grdésseren Prozentsatz von essbarem Walfischfleisch zu 
produzieren, das einen héheren Preis erzielen kénnte. Man hat 
ausgerechnet, dass bei der Aufstellung von vier Flotillen die 
Kosten innerhalb von fiinf Jahren amortisiert werden kénnten. 
Der Reaktor, der vorgeschlagen wird, ist der mit gewodhnlichem 
Druckwasser arbeitende Typ mit einer Wdarmeerzeugung von 
35 MW. Er ist mit einem Brutmantel von Indium ausgestattet 
zum Zwecke der Produktion von Isotopen. 


Un proyecto para un buque ballenero propulsado por 
energia nuclear 


Para lograr la propulsion nuclear econdmica en cuestiones 
maritimas es necesario ver de conseguir ahorros adicionales. 
Un reactor de propulsion en el ‘* buque fabrica”’ de una flotilla 
ballenera podria usarse para producir isétopes para la esterili- 
zacion de la carne de ballena por medio de la irradiacion y, de 
esta manera, combinado con un abundante suministro de vapor y 
agua caliente para fines higiénicos, permitiria preparar en forma 
comestible mayor cantidad de carne de ballena, que conseguiria 
ademas precios mas altos. Se calcula que teniendo en accién 
cuatro flotillas el costo de la instalacién quedaria amortizado 
dentro de cinco afios. El reactor propuesto es del tipo de agua 
ligera presurizada, con una produccién de calor de 35 MW, y 
lleva una envoltura de idium para la produccién de isdtopos. 
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The IAEA General Conference 


A brief review of the work carried out by the International Atomic Energy 


Agency as reported at its Vienna meeting, and projects for 1959. 


HE Second Session of the General Conference of the 

International Atomic Energy Agency began in Vienna 
on September 22. After welcoming the delegates and 
thanking the Austrian authorities for the facilities provided 
for the Agency, the Director-General, Mr. Sterling Cole, 
reviewed the work of the Agency since its inception and 
outlined the possible avenues of development which the 
Agency might take. 

The Conference like the Board Meeting was held at the 
Hofburg in Vienna; temporary space for the Secretariat 
has been provided but this is already filled to capacity. 
Studies are in progress leading towards the eventual selec- 
tion of a site for permanent headquarters and for staff 
accommodation. 


Summary of Achievements 


One of the major programmes undertaken during the 
past year has been the recruitment of permanent staff 
which has been selected upon a basis of competence and 
also with due consideration to the relative financial support 
of the Agency and to geographic distribution. Half the 
member countries are represented, 18 of them at the level 
of director or deputy director-general and each of the 
eight geographical areas is represented in a major staff 
post. The establishing of the necessary administrative 
machinery, the setting up of proper collaboration channels 
connecting with existing international agencies, the pre- 
paration of budget estimates and programmes for 1959 
have all required a great deal of work. Concrete progress 
has, however, been made in many fields. 

Applications for 251 fellowships have been received from 
25 countries and already 132 have been selected. Of these 
many should be placed this year. It has become clear that 
the demand for fellowships will be great and funds to meet 
the demand will be correspondingly high. 

A team of experts provided by member countries but 
organized by the Agency has toured Latin America to 
study the need for nuclear training centres. Seventeen of 
the 20 nations were visited by the team, headed by Dr. 
Hilberry of Argonne, who has emphasized the frankness 
and completeness of the discussions and expressed the view 
that this would not have been possible if the team had 
not had international standing. 

Pursuant with the policy of promoting the exchange of 
information on nuclear subjects throughout the world, a 
directory of peacetime reactors with detailed data regarding 
each of them is in process of compilation and a similar 
directory is in hand to provide a central source of infor- 
mation on the wide range of equipment and materials 
available. The Agency’s own technical library is being 
established and will constantly be enlarged and improved. 
A small laboratory has been established for the absolute 
and relative standardization of radioactive samples and the 
intercomparison of the electronic equipment of different 
nations. 


A panel of experts under the leadership of Professor 
Randers has completed a draft manual of practices for the 
safe handling of radio-isotopes and when approved by the 
Board it should serve not only as a provisional code to 
be followed with respect to all Agency projects involving 
radio-isotopes but also as a pattern for many countries 
that do not have their own codes for health and safety. 

Agreements to establish conditions for the transfer of 
special fissionable materials are in process of negotiation 
and there is considerable confidence that they will be ready 
for final Board action in the near future. 

The authority of the Agency is to be considerably 
strengthened by the appointment of a high-level scientific 
advisory committee to advise the Board and the Director- 
General on the Agency’s programme. One of the first 
questions which will be put to this committee will concern 
the best means of exploiting the information made avail- 
able at the recent Geneva conference. 

Agreement between the Agency and United Nations on 
their proper inter-relationship was reached in November 
of last year and it is hoped that relationship agreements 
with the specialized agencies of the U.N. will be reached 
shortly. Such agreements have recently been concluded 
with I.L.O., F.A.O., W.H.O., W.M.O. and U.N.E.S.C.O. 

Whilst there would be differing opinions on the imme- 
diate tasks that the Agency should undertake, it was clear 
that its field of service fell into two broad areas, one in 
the direct service to individual nations and regions, and the 
other of a universal nature in the establishment of agree- 
ments which affected both the large and the small nations. 
Into this second category will fall the requirement of 
uniformity of rules for health and safety, and an inter- 
national problem of major interest and urgency relates 
to the liability of reactor manufacturers, owners and 
operators. Similarly the disposal of radioactive wastes into 
the atmosphere and into the seas was a matter of inter- 
national concern. The Agency should undertake the 
co-ordination or conduct of research and other technical 
operations and should organize studies and conferences on 
such subjects as the international transport of irradiated 
fuel elements, reactor operation, reactor siting and reactor 
design. If it is necessary to continue bilateral agreements 
between nations for the supply of fuel, some preferential 
treatment must be given the Agency by the offering 
countries, thereby providing some inducement for govern- 
ments to use the channels of true international co-operation. 


The Debates 


Many aspects of the Agency’s proposals and organization 
came in for criticism, however, before the various reports of 
the committees were adopted. For example, there was the 
expected controversy over the non-inclusion of Communist 
China and the necessity for observers to be invited rather 
than to attend as of right. Similarly the representative of 
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Hungary resented the credentials committee’s recommenda- 
tion that no decision be taken on the credentials of the 
delegate of the Hungarian People’s Republic. Nevertheless 
this report, as all the others, was finally approved. 

In the general debate many speakers stressed the potential 
value of the Agency in assisting under-developed countries, 
but contributed little in the way of concrete proposals for 
the best method in which this could be accomplished. The 
absence of any demands on the Agency for the supply of 
raw materials was clearly something of an embarrassment, 
although Japan, during the conference, made a formal 
request for the purchase of three tons of natural uranium 
of reactor grade in the form of metal ingot. The importance 
of the Agency concentrating on peaceful applications was 
also emphasized by many speakers and many references 
were made by the Eastern bloc to the necessity for bomb 
tests to cease. At the same time the Eastern countries were 
unhappy at the prospect of the Agency becoming an inter- 
national body of control, but the request from Japan and 
the U.S.A. for the Agency to implement the control agree- 
ment written into the Japan-U.S. bilateral will allow the 
Agency to operate a test case and establish a precedent. 

Unanimous approval was given to the Fellowship Scheme 
and the setting up of the Technical Advisory Body but 
on the first subject some delegates felt that greater 
enthusiasm could be generated and the practice of establish- 
ing scholarships at a particular establishment, rather than 
simply funds for the Agency to handle, would result in 
loss of authority by the Agency and the running down of 
the Fellowship Scheme. 

Many delegates suggested that one of the prime functions 
of the Agency should be the organization of specialized 


conferences; the opinion was generally expressed that the: 


comprehensive conference at Geneva should not be 


repeated. 


1959 Budget 


In the budget meeting the most controversial item turned 
out to be the proposal to establish a laboratory at the 
Agency’s headquarters. Soviet opposition to this project 
appeared to be based on a theory that the diversification of 
effort would be an unnecessary load on the Agency and, 
although the project should not be dropped completely, the 
proposal was premature. Finally the establishment of the 
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The mobile isotope laboratory presented 

J by the United States to the IAEA at a 

ceremony in front of the Hofburg in 

Vienna. The presentation was made by 

Mr. John A. McCone, chairman of the 
U.S.A.E.C. 


laboratory was agreed and $400,000 was earmarked for 
the laboratory facilities in addition to $50,000 for scientific 
supplies and equipment. The joint resolution of a number 
of countries including the U.K. suggested that the functions 
of the laboratory should be (1) standardization of isotopes 
and preparation of radioactive standards, (2) calibration of 
measuring equipment, (3) quality control of special materials 
for nuclear technology, (4) measurements and analysis in 
connection with the Agency’s safeguards and health and 
safety programme and (5) services for member states which 
can be undertaken with the facilities needed for the afore- 
mentioned activities. 

The recommendation of the Board of Governors was 
accepted that the administrative expenses of the Agency for 
1959 shall amount to $54 million and in addition that a 
target of contributions to the General Fund in 1959 shall 
be fixed at $14 million. 

Working capital fund was agreed to be continued at 
$2 million during 1959. In the overall administrative budget 
$200,000 has been set aside for special missions. At the 
close of the Conference, 19 countries had pledged a total of 
$844,000 in voluntary contributions to the general fund of 
the Agency including $500,000 from the U.S.A. (plus an 
offer that if a total of $1 million was subscribed, the U.S.A. 
would be ready to match dollar for dollar any amount until 
the total of $14 million was reached), $125,000 from the 
U.K. and from Canada $50,000 to be followed by a further 
$25,000 if the response of other countries warranted it. 
The U.S.S.R. stated that the Soviet Union would contribute 
later to the general fund—in roubles and countries wishing 
to utilize the money would have to purchase equipment 
from the U.S.S.R. 

In its final meeting, in addition to approving the measures 
already mentioned, the Conference unanimously adopted a 
resolution on assistance to less developed countries which 
called for the Board to give earnest consideration to (a) 
initiating action for a survey on the needs of such countries, 
(b) adopting measures so that a continual study be made of 
the development of the technology and economics of small 
and medium-scale nuclear power reactors, (c) disseminating 
information to all member states and (d) assisting less 
developed countries in planning and implementing, their 
training programmes. Implicit in this of course, is the 


willingness of such countries to accept the Agency’s help. 
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Its Properties and Behaviour 


The importance of the gas-cooled graphite moderated reactor in the power field has 
In this article, the physical, 


focused particular attention on nuclear grade graphite. 


By W. G. O’DRISCOLL, Me. 
(Research Manager, Culcheth Laboratories, U.K.A.E.A., I.G.) 
and J. C. BELL, BSe., A.Inst.P. 

(R. and D. Branch, Windscale, U.K.A.E.A., I.G.) 


mechanical, and nuclear properties are discussed. The effect of irradiation on these 


properties forms the subject of a subsequent article. 


Part I. 


IRTUALLY all of the reactors which have been built so 

far are of the thermal type, i.e., those in which the 
energy of the neutrons is reduced by elastic collision 
between the neutrons and the nuclei of the moderator until 
most of them are in thermal equilibrium with the moderator. 
In recent years a vast new application for graphite as a 
moderator and as a reflector has arisen in the nuclear 
energy field. 

The intrinsic properties of graphite which have led to 
this new application are its low neutron absorption cross- 
section and its good moderating properties, the latter 
resulting from a low atomic weight and a high scattering 
cross section. To these must be added a relative ease of 
manufacture in a state of high purity—a prerequisite to 
maintaining a low absorption cross-section—exceptionally 
good thermal properties, acceptable strength, and excellent 
machining properties. 

The high temperature properties of graphite are outstand- 
ing and emphasize its potential value for future high- 
temperature reactors. It is stable to very high temperatures, 
with improving strength and, having a high thermal con- 
ductivity and a low thermal expansion, it possesses 
exceptional thermal shock properties. 

The limitations in the usage of graphite arise from its 
low oxidation resistance and relatively low impact strength. 
The effects of irradiation on graphite are notable; under 
the influence of bombardment by fast neutrons, damage to 
the crystal structure occurs which brings about marked 
changes in many of its physical properties. With increasing 
temperature these changes tend to anneal out, hence less 
damage occurs. 

Graphite is noteworthy for the extreme variability of its 
properties, depending on the raw materials used and the 
precise method of manufacture. This, however, is not 
surprising, when one considers its unusual layer crystal 
structure, considerable porosity, and the particularly high 
temperatures required for processing, in addition to the 
variety of raw materials used. For this reason, the precise 
value obtained for any property relates only to the 
particular sample examined, and figures quoted must be 
regarded as representing the range in values to be expected 
rather than absolute values. 


Manufacture 


Though graphite occurs naturally, most deposits are very 
impure and have no reactor application without extensive 
purification. The present source of reactor grade graphite 
is normally a manufactured product from petroleum and 
coal derivatives. 


In general, the constituents are a high-purity petroleum 
coke, and a pitch binder. The coke, prepared by poly- 
merization and distillation of a heavy oil, is calcined to 
remove residual volatile matter, after which it is crushed, 
ground and blended to give a specific particle size distri- 
bution, and the coke blend is mixed with a coal tar pitch 
binder, and extruded or moulded to the required shape. 
The “ green ” shape is baked at a temperature in the region 
of 1,000°C. If required, further pitch impregnation, followed 
by rebaking, may be used to obtain higher densities. 

At this stage the product is extremely hard, is not 
machinable and contains a significant quantity of impurities. 
It is then graphitized by heating electrically, in a packing 
of petroleum coke, to temperatures of the order of 
2,800°C, during which crystal development takes place 
with the formation of the typical graphite layer structure. 
At the same time, its properties change markedly, particu- 
larly with respect to ease of machinability and improved 
thermal conduction. The graphitization step also improves 
purity, since many of the contaminants are volatilized out 
at these temperatures. 

The purity of the product will depend to a large extent, 
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Fig. 1.—Schematic diagram of the structure of graphite (1). 
(Scale in Angstrém units.) 
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20 z Fig. 2.—Air permeability of two samples of reactor 
grade graphite at 20°C (5). 

Open points: Flow parallel to axis of extrusion. 

i Solid points: Flow perpendicular to axis of extrusion. 


Note. Permeability coefficient = Flow (cm?/sec) at mean 
pressure, for unit cube of material and unit pressure drop. 


a a’ 


PERMEABILITY COEFFICIENT cm?/sec 
3 
! 
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however, on the purity of the raw materials, especially 
with respect to elements such as boron and vanadium, 
which form stable carbides of high melting point. Further 
purification can be achieved by treatment with halogen 
gases at high temperatures (~2,500°C). This may be 
included in the graphitizing stage or applied subsequently. 


PHYSICAL PROPERTIES 


X-ray studies of natural graphite have shown that, in 
the perfect state, graphite has a layer structure comprising 
a hexagonal array of closely packed carbon atoms. The 
spacing between the layers (the ¢ direction) is 3.35 A, and 
that between atoms in the hexagonal rings (the a direction) 
1.42 A. A schematic diagram of the structure of graphite 
crystal! is shown in Fig. 1. The larger interlayer spacing 
is reflected in the properties and behaviour of graphite, 
particularly under irradiation, when carbon atoms trans- 
posed to sites between the hexagonal planes can readily 
be accommodated. 

The structure of artificial polycrystalline graphite is far 
less perfect, the origin of the raw materials and the precise 
method of manufacture having a marked _ influence. 
During manufacture, ordering of the carbon atoms takes 
place, particularly in the high-temperature graphitizing 
stage when crystal growth occurs, and the alignment of 
the layers improves. Grain growth’, however, appears to 
be limited to the size of the original coke grains. The 
structure of artificial graphite is thus a framework of 
graphitized coke particles bonded together with a graphit- 
ized pitch filler. 

As would be expected from its structure, the graphite 
crystal shows marked anisotropy in its physical and 
mechanical properties. Extruded or moulded graphite is 
also anisotropic in character due to alignment of the coke 
particles in the direction of their longest axes. 
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Density 

The theoretical density of graphite is 2.27 g/cm*, normal 
reactor grade graphite has a bulk density in the range 
1.65-1.75 g/cm*. Spalaris’, using the helium displacement 
method, found that the density of petroleum coke graphites 
ranged between 2.05-2.17 g/cm’, indicating a proportion 
of pore space not accessible to measurement by the helium 
method. The density of graphite can be raised by incor- 
poration of carbon blacks or other materials, or by 
impregnation using a variety of carbonaceous materials. 

Detailed examination‘ of machined production blocks of 
reactor grade graphite has shown that the density of the 
outer portions of the blocks is slightly higher than the 
centre, the differences being of the order of 0.01 g/cm’. 
The fall off in density at the centre of blocks has also been 
noted by Davidson’. 

The bulk density of normal reactor graphite, being con- 
siderably lower than the theoretical value, reflects the 
magnitude of the voids (20-30%) within the structure. The 
voids are largely inter-connected, so that graphite :s 
permeable to gas. For a typical reactor graphite the 
majority of the pores lie in the size range 1-30 microns 
diameter. The permeability coefficient> for two samples of 
reactor grade graphite is shown in Fig. 2. The anisotropic 
nature of the material is illustrated by the directional 
dependence of the results. Examination? of a number of 
artificial graphites made from petroleum coke showed the 
presence of a large number of micropores smaller than 
200 A in radius. The majority of these pores lay in the 
20-25 A pore radius region. 

At normal pressures, gas flow through conventional 
reactor grade graphite is predominantly viscous, since the 
size of the majority of the capillaries lies well outside the 
mean free path of the gas molecules. With fine-grain 
materials, where an appreciable proportion of the constric- 
tions is comparable in size to the mean free path of the 
gas molecules, the slip flow component becomes significant. 

Hutcheon® et al. measured the flow of various gases 
through a fine-grained commercial graphite perpendicular 
to the axis of extrusion and showed that the results couid 
be correlated by an equation, 

By 4 / 8RT : 
“peer gred <M (i) 
where K is the permeability coefficient, B, and Ky the 
coefficients for viscous and slip flow, 7», p, and M the 
viscosity, mean pressure and molecular weight of the gas, 
R the universal gas constant and TJ the absolute 
temperature. 

Average values of the viscous (B,) and slip (K,) flow 
permeability coefficients for this particular graphite were 
found to be 1.63X10-! cm? and 1.12X10-9 cm in the 
temperature range 20-1,000°C, and pressure 13-160 1b/in.? 
(abs.). From the equation given above it can be shown 
that the ratio of slip to viscous flow increases with tem- 
perature and decreases with mean pressure and molecular 
complexity of the gas. 

Data on the vapour pressure of graphite are not 
unambiguous’, but it is clear that at 2,500°C the pressure 
is only of the order of 5X10~-® atmospheres. The sublima- 
tion point is in the region of 4,000°C, the pressure at the 
triple point is ~100 atmospheres and the heat of sublima- 
tion 170.4 kcal/mole. Hence, in any practical reactor appli- 
cation, the vapour pressure of graphite is not significant. 


Thermal Conductivity 

Graphite has a high thermal conductivity, comparab!e 
with that of many metals. The conductivity is affected by 
a number of variables, such as raw materials, conditions 
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DATA SHEET 











No. Il. Graphite 
Symbol... - ae a re os es a Cc 
Atomic number ae a a e T ais 6 
Atomic weight vs es +s es sd oo 120 


A. PHYSICAL PROPERTIES 


The properties of graphite vary so extensively with the origin 
of the material that the values given in a Data Sheet can only be 
regarded as indicative of the range in which they fall. The values 
quoted below have been selected as typical of a normal moderator 
graphite, such as extruded graphite of British origin. 


Crystal Structure 
Graphite has a layer structure of hexagonally arranged atoms. 


Lattice constants a 142A 
c 3.35A 

Density 
X-ray density 2.27 g/cm? 
Bulk density 1.65-1.75 rome 


Thermal Expansion—See Table Al. 
Thermal Conductivity—See Table A2. 


Electrical Resistivity (room temperature) 
Parallel 0.8-0.5 milliohm cm 
Perpendicular 1.2-0.8 milliohm cm 


Thermodynamic Properties 
Specific heat, enthalpy, ~/ieaeiiiaal Table A3. 
Sublimation temperature 
Heat of sublimation 
Heat of combustion 


..  -~4,000°C 
171 kcal/mole 
94 kcal/mole 


B. MECHANICAL PROPERTIES 
Details of the variation of mechanical properties with other 
parameters are presented elsewhere in the text. A rough guide 
to the order of magnitude of some mechanical properties at room 
temperature is given in Table B1. 


Cc. COMPATIBILITY 
Gases—See Table C1. 


Liquid Metals—Penetration into the pore structure of normal 
reactor graphite occurs at elevated temperatures. Compound 
formation occurs with certain alkali metals, notably potassium. 
Graphite is inert to bismuth. 


D. NUCLEAR PROPERTIES 


Thermal Neutron Absorption Cross-section 
Spectrographically mii —— ; 
Reactor grade .. 

Effect of Impurities on Aneertiien Cross-section— See 
Table D1. 


Isotopes—See Table D2. 


3.5 millibarns 
~4 millibarns 


TABLE Ai 
Thermal expansion 





Coefficient of thermal expansion/°C x 10’ 





Temperature °C 





Parallel Perpendicular 
18-100 18 36 
18-300 21 39 
18-500 24 42 
18-700 28 44 
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TABLE A2 
Thermal conductivity 






























































Thermal conductivity cal/em, sec,°C 
Temperature 
Parallel | Perpendicular 
Room temperature 0.5 -0.3 0.3-0.2 
500°C 0.25-0.15 
1,000°C 0.2 -0.1 
TABLE A3 
Specific heat, enthalpy and entropy 
ul Specific Enthalpy Entropy 
Temperature heat (Cp) (H°-H°-2/3) (S°-S°-273) 
Cc cal/mole,°C cal/mole cal/mole,°C 
25 2.066 251.56 1.361 
127 2.851 502.6 2. 081 
327 4.03 1,198.1 3.474 
527 3.75 2,081.7 4.740 
727 5.14 3,074.6 5.846 
927 5.42 4,130 6.807 
1,127 5.67 5,242 7.663 
TABLE Bi 








Mechanical properties 





Property 






Range of values (parallel) 








Ultimate compressive strength 
Ultimate tensile strength 


Youngs modulus 
Modulus of rigidity 






3,000-5,000 Ib/in.? 
1,000-3,000 Ib/in.? 
1.0-1.5 x 10° Ib/in.? 

—~0.4 x 10° Ib/in.? 
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THERMAL CONDUCTIVITY, CAL/CM, sec, 
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Fig. 3.—(Left) Varia- 
tion of thermal 
conductivity with 
temperature’ in 
directions parallel 
and perpendicular to 
the c axis. Natural 
graphite (8). 


Fig. 4.—(Right) Varia- 
tion of room-tem- 
perature conductivity 
with temperature (9). 


TABLE Ci 


Compatibility of graphite with gases 





Gas 


Compatibility 





Carbon dioxid2 and air 


Hydrogen 
Nitrogen 
Water vapour 


Oxidizes at elevated temperatures, the rate being dependent on the nature and purity of the graphite. Typical thermal 
oxidation rates for a reactor grade graphite are given in Tables C2 and C3. 
Thermal reaction is exceedingly slow below 600°C. 
Compatible, but influence of irradiation uncertain. 
Reaction at 800°C and above to give CO and Hz. 


Irradiation also induces oxidation. 
Irradiation induces reaction. 


Influence of irradiation uncertain. 








TABLE C2 


Rate of oxidation in air 








Temperature °C 


Rate of thermal oxidation g/g, h 











TABLE C3 
Rate of oxidation in CO2 





Temperature °C Rate of thermal oxidation g/g, h 













































































400 3.5x10°5 600 : ibe 
450 2.0x10-4 700 4x10-* 
500 1.5x10°? 800 1.510" 
550 75x10-* 
600 3.0x10-? : 
TABLE Di 
Effect of impurities on bsorption cross-section 
| 
Change in Change in Change in 
Element cross-seczion Element cross-section Element cross-section 
; in mb for 1 ppm in mb for 1 ppm in mb for 1 ppm 
Boron 8.38 x107' Hydrogen 3.93 x 10-* Rhodium 1.75 x10"? 
Cadmium 2.72x107' Indium 1.99x107? Samarium 4.28107" 
Caesium 2.62 x10™? Iridium 2.67 x 10-? Scandium 6.41 x107? 
Chlorine 1.07 x 10°? Krypton 4.02 x10-* Selenium 1.791672 
Cobalt 7.54x107? Lithium .. 1.23x10"' Silver 6.90 x 107? 
Dysprosium 8.13 x 10°? Lutecium 7.41 x107? Tantalum 1.41 x107° 
Erbium 1.19x10°? Manganese 2.89 x 107? Terbium 3.32x10-° 
Europium 3.63 x 10™' Mercury .. 2.27 x 10>? Thulium 6.37 x10-* 
Gadolinium 3.52 Neodymium 3.83 x10~? Tungsten 1.25x107? 
Gold 5.97 x10-? Niobium .. 1.42x10-? Vanadium 1.20x107? 
Hafnium 7.06 x 10-? Nitrogen 1.61107? Ytterbium 2.50 x107? 
Holmium 4.67 x10"? Rhenium .. 5.41 x10-* 
TABLE D2 
Isotopes 
0°60; 
Isoto Abund di ivit 
1 Conductivity determined parallel iatalis ee Radiqnaniey 
to direction of extrusion 1:75 cr B+ 8.8 sec 
055 : hd 8+20.5 min. 
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perature, for different grades (20). 


Fig. 7.—(Left) Emissivity with various surface conditions (7). 


Barnes, Forsythe and Adams; total emissivity, rough surface. 
Thorn and Simpson ; spectral emissivity, polished surface. 
Thorn and Simpson ; spectral emissivity, conditioned surface. 
Jain and Krishman ; spectral emissivity, conditioned surface. 
Jain and Krishman ; total emissivity, conditioned surface. 
Micinski; total and spectral emissivity, smooth surface. 
Macpherson ; total and spectral emissivity, arc anode. 
Preston and Hinke ; spectral emissivity. 
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Fig. 10.—(Above) Variation of room-temperature 


strength with density, for commercial 
graphite (2/). 
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of manufacture, density, crystallite size and orientation, 
etc., and the values reported by various workers show large 
differences, depending on the precise nature of the graphite. 
For the present purpose, only those values which relate 
to actual reactor grade graphite, or to material closely 
resembling it, will be considered. 

Measurement has shown that the heat flow through a 
graphitic material is mostly along the graphitic planes. 
Berman’s® determinations (Fig. 3), on a single piece of 
highly orientated natural graphite, illustrate the directional 
nature of this property. 

Extruded or moulded stock will also show directional 
differences due to anisotropy resulting from the alignment 
in coke particles during processing. The thermal conduc- 
tivity of reactor grade graphite will, therefore, show a 
higher conductivity in the direction parallel to extrusion. 
Examination! of a large number of samples taken from 
blocks of reactor graphite have given room temperature 
values of 0.7+0.05 parallel to, and 0.34 + 0.04 cal/cm, sec, °C 
perpendicular to the direction of extrusion. The mean 
density of these samples was 1.75 g/cm?. 

The effect of density on thermal conductivity’ is marked 
as shown in Fig. 4. The heat conducting properties of 
graphite are characteristics of those of non-metallic 
crystals, the main contribution to the thermal conductivity 
coming from the lattice component and as such, conduc- 
tivity decreases with temperature above room temperature. 

The variation of conductivity! !° with temperature, above 
room temperature, for reactor type graphite parallel to 
the direction of extrusion is shown in Fig. 5. Below the 
maximum, around room temperature, the conductivity of 
polycrystalline graphite falls off rapidly" as power of T°K 
varying between 2.2 and 2.8. A relationship between 
thermal conductivity (K, in cal/cm, sec,°C), and electrical 
resistivity (9 in ohm/cm) where Koe=constant has been 
observed for a wide range of graphites’. The constant is 
temperature-dependent, and at 25°C equals 0.00031, 
believed to be accurate to within 5%. 


Expansion 

The thermal expansion of crystalline graphite is particu- 
larly anisotropic. Measurements!?:* by X-ray methods 
show the coefficient of expansion along the a-axis to be 
negative up to temperatures of the order of 400°C. Over 
the range 0-150°C, it is —15107/°C and becomes more 
positive with increasing temperature. On the other hand, 
the expansion along the c-axis has a large positive value 
(286 X10 7/°C), over the range —196 to 1,118°C. The bulk 
expansion of polycrystalline graphite shows little relation- 
ship to the individual crystal behaviour given above, except 
that anisotropy is still noted in material with a preferred 
orientation. This, Mrozowski!‘ attributes to the great 
rigidity of the carbon to carbon bond network which 
extends through a polycrystalline graphite and stabilizes 
the structure to such an extent that the large expansion 
in the direction of the c-axis is suppressed. 

Currie’ suggests that the change of thermal expansion 
coefficient with temperature is approximately the same for 
all graphites. Values for three widely different graphites 
show similar slopes for plots of coefficient against 
temperature (Fig. 6). 

Determinations! in the temperature range 18°-700°C, 
made on a large number of samples taken from production 
blocks of reactor grade graphite of nominal density 
1.75 g/cm’ may be represented by the general equation 


Lr=L(i+aT+ BT") (ii) 
where « and # have the average values 1.6 10° and 
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1.6X10~-° respectively for the direction parallel to extru- 
sion. In the perpendicular direction, the « term is 3.4 10°°, 
and 8 again equals 1.4 x 10°. 

The possible use of graphite in future high-temperature 
reactors, where heat transfer by radiation predominates, 
emphasizes the importance of the emissive properties. Currie’ 
has reviewed the results of various workers in this field. 
Values both for spectral and total emissivity are shown in 
Fig. 7, in addition to which Norton reports a value of 
0.84 at 496°C. It will be noted that the high values are 
spectral emissivity determinations. Micinski’s values!® are 
calculated on the assumption that total and spectral emis- 
sivity are the same. If only total emissivity determinations 
are considered, then the mean value for emissivity is 
around 0.75. If the spectral Mlues are included, a range 
up to 0.9 is possible and the importance of surface condi- 


tion is evident from the measurements of Thorn and 
Simpson", 
Resistivity 

As in other properties, crystalline graphite shows marked 
anisotropy in electrical resistivity. The resistance of highly 
orientated natural graphite!® is some 100-1000-fold greater 
perpendicular to the graphite planes as it is parallel to them. 
A degree of anisotropy is also noted for production material 
due to the orientation resulting from extrusion or moulding. 

In addition to orientation, the resistivity of polycrystalline 
graphite is also dependent on density and crystallite size. 
Kinchin!® has shown that for nominally identical blocks of 
graphite having different densities, the resistivity is inversely 
proportional to the fourth power of the density. He 
suggests that this is more than would be expected for a 
porous conductor and is probably due to changes in the 
area of contact between crystals. 

Room temperature determinations‘ of the resistivity of 
a large number of production material samples (density 
—1.75 g/cm*) have given a mean value of 0.68 milliohm cm 
parallel to the direction of extrusion, and 1.02 milliohm cm 
in the transverse direction; the range in each case being 
0.54-0.81 and 0.84-1.20 milliohm cm respectively. 

The variation of resistance with temperature of a typical 
petroleum coke-based graphite is shown in Fig. 7. Though 
electrical resistivity has no direct application for reactor 
use, the correlation mentioned previously, between it and 
thermal conductivity indicates its relative importance. 


MECHANICAL PROPERTIES 


The structure of graphite, with strong semi-metallic 
bonds between carbon atoms in the planes, and the com- 
paratively weak binding between planes, is apparent in the 
mechanical properties. The anisotropy of moulded or 
extruded graphite will again be noted in the directional 
variation of properties. Irradiation also has a significant 
effect on mechanical properties and will be discussed later. 

To date, the use of graphite in reactors has been almost 
exclusively for moderation, in the form of blocks built up 
to provide a core structure through which run the fuel 
element channels. The main requirement is, therefore, one 
of adequate compressive strength to enable each block to 
support the weight of graphite above it. For more advanced 
reactors, graphite may be used for fuel element components 
and, as such, will be subject to complex stressing during 
operation, and to impact loads during charging and 
discharging, thus placing emphasis on the moduli values 
and on impact strength. 

As might be expected from the variation in other pro- 
perties, the mechanical properties of graphite also vary 
substantially from sample to sample and thus comparison 


G 
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TABLE 1 


Strengths of reactor grade graphite at room temperature, with regard to 
the direction of extrusion 




















Property Parallel Perpendicular 
Compressive strength ton/in? a os 2.08 2.24 
Flexural strength ton/in? ae ca 0.94 0.68 
Ultimate tensile strength ton/in? 0.63 0.38 





of results of various workers is difficult. As far as possible, 
only those results relevant to reactor grade graphite will be 
considered. Data on the strength of graphite show wide 
variation dependent on the origin, the direction in which 
the sample was taken, and the method of testing. 

Room temperature values for reactor type material range 
from 1,000 to 3,000 Ib/in.2 U.T.S. Flexural strength lies 
somewhat higher and, in compression, values range from 
3,000 to 5,000 Ib/in.2. Based on a large number of measure- 
ments (parallel to the grain) made on miscellaneous 
graphites, Currie’ reports a ratio of the order of 0.5 for 
tensile/flexural strength, and about 2 for compressive/ 
flexural strength. 

The strength of graphite increases with temperature. The 
increase is approximately linear at low temperature, and 
reaches a value of 2,500°C which is approximately double 
that at room temperature. The variation” with temperature 
for several grades of graphite is shown in Fig. 9. 
Mrozowski!! ascribes the increase in mechanical strength 
with temperature to the reversible release of the large 
internal stresses which are frozen in to the structure during 
cooling from graphitizing temperatures. These stresses 
arise from the large difference between the thermal expan- 
sion parallel and perpendicular to the c-axis. In contrast, 
however, it will be subsequently noted that the creep 
strength of graphite apparently does not increase with 
temperature. 

In addition to temperature, density has a marked effect”! 
on strength. This is shown in Fig. 10. 

A recent assessment! of the room temperature compres- 
sive, flexural and tensile strength of British reactor grade 
graphite has given the values shown in Table 1 and 
illustrates the anisotropic dependence. This work forms 
part of a programme outlined by McIntosh” et al., in which 
block-to-block and positional variations within blocks are 
being examined statistically. The results will not only be 
of value to reactor design studies, but their definition will 
allow the more precise assessment of the effect of factors 
external to the basis structure or method of production, 
such as irradiation damage, oxidation or protection 
treatments. 


Elasticity 

Graphite does not show perfect elastic properties even at 
room temperature. Fig. 11 shows a typical compression 
stress/strain curve in which hysteresis is noted. The Young’s 
modulus of graphite has been determined over a wide 
range of temperatures* 2°23, Room temperature values! 
for reactor grade graphite determined statically in tension 
have given a mean value of 15.33 X 10° Ib/in.? in the direction 
parallel to extrusion and 7.32105 Ib/in.2 perpendicular to 
it. The modulus increases with increased temperature. This 
is shown (Fig. 12) by the results of Davidson et al.?3.* on 
a variety of graphites, including a range of petroleum coke- 
based graphites with variable binder additions. The varia- 
tion between the petroleum cokes with widely different 
binder contents was small, and the results were similar to 
those obtained from samples of reactor grade graphite. 
Variation of the raw material led to marked differences 
which appeared to be related to the structural perfection 
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of the graphitized material. This, together with evidence 
on modulus of rigidity and internal friction led them to 
conclude that the elastic properties of graphite are related 
to the structure of the crystals within the coke grains, the 
binder playing little part. 

Faris and Smith® determined the modulus of rigidity of 
AUF grade graphite at room temperature and obtained 
values of 0.44X10® Ib/in.? parallel to the direction of 
extrusion and 0.35 x 108 Ib/in.? perpendicular to it. As with 
Young’s modulus, the variation with temperature showed 
an increase with increasing temperature. Davidson et al.?! 
(Fig. 13) have shown that the modulus of rigidity for 
petroleum coke-based graphite is related to the heat treat- 
ment temperature and therefore to the crystallite size. 


Creep 


The creep properties of graphite have been studied by a 
number of workers”. *.26. In the most recent study, 
Davidson et al.” have examined the creep properties of 
graphite in the range of 1,300-2,000°C and found that 
for a wide range of temperatures, materials, specimen 
geometries, flexural and torsional stresses, the creep 
deformation could be fitted within the limits of experi- 
mental error to the function 

D,= A+ B logy t + Ct (iii) 
where D, is strain at time ¢ (min.) and A, B, and C are 
constants. Similarly, the creep recovery on removing the 
load, conformed to the function 

D, = A’ + B’ log t. (iv) 

A typical creep curve is shown in Fig. 14. 

The constants B and C in equation (iii) were linearly 
dependent on the applied stress at constant temperature and 
were related to the absolute temperature, as follows: 

B= K (stress) exp (— A E/RT) (v) 
and 

C == K' (stress) exp (— A\E’/RT) (vi) 
where K, K’,AE and AE’ are constants. Their results also 
show K=«a/M where « is constant for all materials studied 
and M the appropriate elastic modulus at room tempera- 
ture. This leads to a value ~13 for « and 20 kcal/mole 
for AE. Examination of repeated cycles of creep and 
recovery have shown that the Cr term contributed to a 
permanent set which could be removed only at graphitizing 
temperatures. 

Extrapolation to conventional reactor operating tem- 
peratures shows that creep of graphite is of no consequence 
in design unless influenced by irradiation. 


Fatigue 

The fatigue fracture of graphite at low and high tempera- 
tures is characteristic of a brittle material, fracture 
appearing to take place abruptly during a single stress peak. 
As would be expected from the variation of other mech- 
anical properties with temperature, the endurance limit 
increases with temperature. Green’s® values for AUF 


- grade graphite increased from 2,500 lb/in.2 at room tem- 


perature to 4,400 lb/in.? at ~2,000°C. 


NUCLEAR PROPERTIES 


The thermal neutron absorption cross-section of spectro- 
graphically pure graphite is 3.5 millibarns. Reactor 


grade graphite of production quality has a slightly higher 
cross-section depending on the precise method of manu- 
facture and the raw materials used. A value of ~ 4.0 
millibarns is representative of high purity production 
material and up to 4.5 millibarns for average grade reactor 
graphite. 
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TABLE 2 
Comparison of moderating properties of graphite with other possible moderators (29) 
o(a) a(s) (a) X(s) L 
A e g/em? pas barns “10 '* cm" M cm 
Graphite : 
i _ ae * a “a ee x PF ay 12 1.65 4.0 48 3.32 0.398 190 51 
fy — yi i - ee 7 ae oe as ée Ri 12 2.2 3.5 48 3.99 0.547 277 42 
Beryllium es ne ee we ee fe is as xe 9 1.85 9.0 7 10.8 0.84 150 25 
Beryllia .. ss sas es a - ea — 7 ae 25 7 = = os. by : = 2 
99.75% D20) .. ~ vies ys ae ack fa 20 11 ‘ 3 7 
— +s aii . Ka a ne ae ae “i od 18 1.00 660 44 218 1.45 61 7 



































A=Atomic or Molecular Weight; o=Density; o(a)=Neutron absorption; o(s)=Scattering cross-section; X(a)= Macroscopic absorption cross-section; <(s)= Macroscopic 
scattering cross-section; M= Moderating ratio; L=Migration length. 


The effect of concentration of impurities on the cross- 
section of graphite is shown in the Data Sheet. Elements 
not listed affect the cross-section by less than 10-$ millibarns 
per 1 ppm. 

The characteristics of a good moderator are that it 
should slow down high energy neutrons to thermal leveis 
as rapidly as possible and that it should have a low capture 
cross-section. The parameters which determine these 
characteristics are atomic weight, density, absorption ant 
scattering cross-sections. It is of interest to compare 
graphite with other possible moderators, i.e., water, heavy 
water, beryllium and beryllia. Such a comparison is given 
in Table 2. 

On the basis of moderating ratio, i.e., the ratio of the 
slowing down power to the macroscopic absorption cross- 
section, graphite, though not approaching the power of 
heavy water, is comparable with beryllium and beryllia and 
much superior to light water. When, however, the migration 
length (i.e., the mean vector distance travelled by a neutron 
during its life) is taken into account, the order is reversed. 

Further comparison must be specifically related to a 
particular reactor system, but for natural uranium systems, 
graphite is inferior to either beryllium or heavy water on 
the basis of nuclear considerations. 

Because of the long migration length, graphite systems 
are inevitably large. Increases in density or purity offer 
advantages of either reduction in size, or increase in reac- 
tivity, but for power producing reactors, the increased cost 
of the higher quality graphite would have to be set against 
the advantages accruing from the improved moderating 
properties. 


COMPATIBILITY 


The compatibility problems of a graphite moderator are 
almost entirely those arising from reaction with the coolant. 
The compatibility of graphite with other solids is not likely 
to be of significance except where particularly high tem- 
peratures are involved, and where the diffusion of carbon 
reaches significant proportions, or where chemical reduction 
by carbon is feasible. 

At high temperatures, graphite will tend to form carbides 
with many metals. Approximate values for the free energy 
of formation of a number of metal carbides are shown in 
Table 3. 

Of the gaseous coolants which have been considered, only 
helium is entirely compatible with graphite; air, carbon 
dioxide and hydrogen react with graphite under certain 
conditions. 

The overall problems on the use of hydrogen as a reactor 
coolant, especially those of containment, are so widespread 
that it is not proposed to discuss, other than briefly, the 
isolated aspect of hydrogen compatibility. 

Corney and Thomas” studied the graphite/hydrogen 
reaction in a circulating system both in the absence and 
presence of pile irradiation by analysing for methane which 


constituted 98% of the gaseous product. Below 600°C the 
purely thermal reaction at 800 mm Hg pressure is extremely 
slow. Above this temperature, significant reaction takes 
place; at 800°C an equilibrium state at 3.2% methane was 
reached in about 250 hours. An activation energy of 
65 kcal/mole was obtained for the temperature range 
690° -800°C. 

The published data on the oxidation behaviour of 
graphite show wide variation in values and rates, dependent 
on the method of manufacture, the raw materials used and 
the precise nature of the experimental conditions. For this 
reason any direct extrapolation to reactor application must 
be viewed with these limitations in mind. 

The reaction between graphite and CO, may be repre- 
sented by. an overall equation 


C+ CO, = 2CO. 
The variation of the equilibrium concentration of CO 


with temperature for 1 and 10 atmospheres total pressure is 
shown in Fig. 15. 








TABLE 3 
Free energy of formation (A F°2) of some metal carbides 
Carbide A F°29e kcal/mole 
SiC -26 
TiC -53 
ZrC -42 
Tac -9 
CrsaC2 -21 
wc wt 
uc “1 
ThC2 -50 














The reaction of graphite with CO, has been studied exten- 
sively and the literature contains a wide range of oxidation 
rates. This is to be expected since commercial graphites 
vary considerably in purity and physical parameters such 
as surface area, porosity, permeability, etc., all of which 
affect the kinetics of oxidation. Gadsby et al.*! studying 
the charcoal/CO, reaction have shown that the mechanism 
consists frst of an oxygen exchange step on free sites (C;) 
on the surface of the graphite 


C; + CO, —» C(O) -++ CO (vii) 
this is followed by a gasification step 
Cc(C)—> CO. (viii) 


Gulbransen and Andrew” extended this work to artificial 
graphite of spectrographic purity and showed that at 500°C 
the only reaction occurring was the exchange reaction and 
even this was very limited in extent. No gasification and 


TABLE 4 
Approximate maximum oxidation rates (33) 





Temperature °C Oxidation rate (% weight loss/hour) 








600 10-* 
700 4x10? 
800 1.5x107* 
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hence no loss of carbon occurred at these temperatures. 
At temperatures of the order of 600°C the gasification step 
becomes apparent and at 800°C and above it becomes 
exclusive, presumably because the surface oxide is unstable. 
Approximate maximum oxidation rates* for reactor grade 
graphite at various temperatures are given in Table 4. 

Further work*! indicates that even at 600°C the surface 
oxides on graphite are stable and that at 625°C CO, can 
itself activate a graphite surface thus promoting gasification. 

Information on the reverse reaction 

2CO—>C+ CO, (ix) 
is scant. Deposition of carbon appears to be a hetero- 
geneous reaction having a high temperature coefficient. 
Variable rates depending on the specific conditions of the 
experiment were noted when CO was heated in the presence 
of graphite at 500° and 600°C. 

To summarize, it is evident that the straightforward 
thermal oxidation of graphite in CO, presents no problems 
in reactor operation at temperatures of at least 500°C. 

If, as a result of reaction other than thermal oxidation CO 
were present in the coolant, and its concentration was 
higher than the thermodynamic equilibrium, then deposition 
of carbon is clearly possible to reduce the CO level to the 
equilibrium value. At reactor temperatures the rate of 
this decomposition is likely to be slow and is, in general, 
kinetically favoured by the higher temperatures and the 
presence of solid catalysts. Experience has, however, 
indicated that in Calder Hall carbon deposition is 
insignificant. 

Graphite oxidizes in air at elevated temperatures, the 
products being either CO, or CO. The heat of combustion 
to CO, is 94 kcal/mole. 

The variation of the oxidation rate, at low flow rate, of a 
reactor grade graphite is shown in Fig. 16. The oxidation 
rate obeys the Arrhenius equation up to temperatures in the 
region of 600°C. Above this region the linear relationship 
between the log of the rate and the reciprocal of the abso- 
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lute temperature® no longer holds (Fig. 17). It wouid 
appear that at these temperatures the rate of attack is so 
high that it becomes limited by the diffusion of the reactants 
through the gas boundary layers, and as might be expected 
the oxidation rate becomes sensitive to flow rate. In effect, 
increased flow rate extends the range of the previously 
noted linear relationship. 

The oxidation of graphite is particularly sensitive to the 
presence of catalytic impurities. A large number of 
impurities accelerate oxidation. Wynne-Jones*® reports 
catalytic effects from Group 1A elements. Earp and Hill* 
record acceleration due to Group 2A, vanadium and 
arsenic salts. Certain inorganic compounds, notably phos- 
phates**, inhibit oxidation. 


Liquid Metals 


In the liquid metal field, by far the greatest attention has 
been given to sodium as a coolant, though bismuth has also 
been proposed, particularly as a liquid fuel-carrying 
medium. Bismuth is chemically inert to graphite at prac- 
tical operating temperatures but may penetrate the pore 
structure to a degree dependent on the nature of the 
graphite. 

The problems in the use of liquid sodium as a coolant for 
a graphite-moderated reactor are twofold—(a) mass transfer 
of carbon and (b) penetration of sodium in the pores. 

The transfer of carbon into the sodium may arise due to 
reaction with the graphite or due to solution of carbon in 
sodium. Asher*” reviewing the published data on the 
reaction of sodium with graphite, finds considerable 
disagreement and suggests that the variance in results may 
be due to trace impurities in the sodium. For example, 
potassium and caesium both react readily with graphite to 
form compounds having a lamellar structure; lithium forms 
a carbide resembling sodium carbide. He further suggests 
that the effects of these impurities may be catalytic in 
character, in that they are regenerated in the bulk of the 





Le Graphite 

Le Graphite employé comme modérateur a une importance 
considérable dans le domaine du réacteur d’énergie et les 
propriétés des graphites de qualité nucléaire présentent un 
intérét particulier. En plus de ses propriétés modeératrices 
et de sa coupe transversale a faible absorption de neutrons 
thermiques, le graphite posséde des propriétés thermiques et une 
facilité de fabrication relative a un haut degré de pureté. Parmi 
ses limitations figurent une résistance au choc relativement 
faible ainsi qu’une faible résistance a l’oxydation; la structure 
peu usuelle de ses couches, a grand espace entre les couches, 
se refléte dans un grand nombre de ses propriétés. Les effets 
de la radiation sur le graphite sont considérables. L’endommage- 
ment de la structure des cristaux par les neutrons rapides entraine 
des changements prononcés de beaucoup de ses propriétés 
physiques. 

Les valeurs précises des propriétés du graphite sont particuliére- 
ment variables, et elles dépendent des matiéres premiéres et 
méthodes employées a sa fabrication, et les chiffres donnés ne 
peuvent étre considérés que comme indication générale. 


Graphit 

Graphit ist als Moderator von erheblicher Bedeutung auf dem 
Feld des Leistung-Reaktors und die Eigenschaften von Graphiten 
nuklearer Reinheit sind von besonderem Interesse. Ausser 
seinen Eigenschaften als Moderator-Material und seines geringen 
Einfangsquerschnittes fiir langsame Neutronen besitzt Graphit 
auch gewisse Wdrme-Eigenschaften und kann verhdltnismdssig 
leicht mit einem hohen Reinheitsgrad hergestellt werden. Seine 
Grenzen liegen in einem verhdiltnismdssig niedrigen Widerstand 
gegen Beanspruchung durch Schlag oder Stoss und gegen Oxy- 
dation. Seine ungewohnliche Schicht-Struktur mit grossen Zwisch- 





* baja absorcion para neutrones térmicos, el grafito posee propied- 


enrdumen zwischen den Schichten spiegelt sich in manchen seiner 
Eigenschaften. Bestrahlung hat einen erheblichen Einfluss auf 
Graphit. Schdden in der Kristall-Struktur hervorgerufen durch 
schnelle Neutronen bringen auffallende Verdnderungen in vielen 
seiner physikalischen Eigenschaften. 

Eine genaue Bewertung der Eigenschaften von Graphit ist 
ausserordentlich wechselnd und hdngt vom Rohmaterial und von 
dem angewendeten Herstellungsverfahren ab, sodass die Zahlen, 
die hier gegeben werden, nur als allgemeine Angaben angesehen 
werden diirfen. 


Grafito 


El grafito es un moderador que es de importancia considerable 
en el campo de los reactores de potencia y las propiedades de 
los grafitos de calidad nuclear son de especial interés. Ademds 
de sus propiedades moderadores y su seccién transversal de 


ades térmicas y una relativa facilidad de fabricacién en un alto 
grado de pureza. Sus limitaciones incluyen una fuerza de 
impacto y resistencia a oxidacidn relativamente bajas. Su 
estructura en capas poco usual, con un gran espaciado entre 
capas, esta reflejada en muchas de sus propiedades. Los efectos 
de la radiacién sobre el grafito son considerables. El estropeo 
de la estructura de cristal por los neutrones rdpidos hace que 
se efectuen marcados cambios en muchas de sus propiedades 
fisicas. 

Los valores precisos de las propiedades del grafito son parti- 
cularmente variables, dependiendo de las materias primas y 
los métodos empleados en su fabricacién, y las cifras que se 
pth deben ser consideradas tinicamente como una indicacién 
general. 
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sodium. Whatever the mechanism, be it reaction or solu- 
tion, by which carbon can enter into the sodium, mass 
transfer will only be maintained if a suitable “ sink ” for 
the carbon exists in the circuit. Such a “ sink” may be a 
material susceptible to carbonization, e.g., stainless steel, 
or in a non-isothermal system dissolved carbon may be 
precipitated out in the cooler regions. 

Though the conditions of mass transfer are by no means 
well defined there is no doubt as to the physical effects 
resulting from contact between sodium and graphite. At 
temperatures in excess of 450°C sodium is absorbed into 
the pores of normal reactor graphite causing the material 
to swell®®. The filling of the graphite with sodium will raise 
the cross-section of the graphite by a factor of about 7. If 
potassium is present in any quantity, disintegration of the 
graphite occurs. 

It is evident that unless graphite can be suitably modified 
or coated so as to resist penetration, sodium as a coolant 
must be physically separated from the moderator by an 
impervious metal barrier such as zirconium. In a reactor 
system in which canning of the graphite is contemplated, it 
is necessary to take into consideration the effects of gas 
evolved under the proposed operating conditions. 


Gas Content 


As the open porosity of conventional graphite corres- 
ponds to some 20% of its total volume, about 150 » I(STP)/g 
of gas are contained within these pores; this gas is readily 
removed at room temperature by simple evacuation. 

Further quantities of CO, CO,, H., and N, are, however, 
evolved from graphite under the influence of heat or 
irradiation. These have their origin principally in the 
chemisorption of oxygen, hydrogen and nitrogen from air 
drawn into the graphitizing furnace during the cooling 
process. It also appears that small amounts of hydrogen 
and perhaps nitrogen may survive the purification implied 
by the high temperature treatment and yet be evolved 
subsequently at lower temperatures. 

The evolution of gas from graphite is continuous with 
increasing temperature up to at least 2,000°C, and the total 
gas content of a sample of graphite is usually determined 
experimentally by heating it under vacuum to this tempera- 
ture and collecting the gas evolved. As for other properties 
of graphite, a precise figure for the gas content cannot be 
given, it may vary by as much as 50%, with individual 
samples of the same type, while mean values for graphites 
produced to different specifications may vary over a much 
wider range. For conventional well-graphitized pitch-coke 
stock, however, the total gas content has been determined 
by several workers® ** “ at about 250 wl/g. In general, 
about half this amount is evolved on heating to 1,000°C 
from room temperature, although experiments at Culcheth*®* 
have indicated that the gas evolved in this range from a 
British reactor grade graphite is only 76 pl/g, the composi- 
tion of the gas being H., 40%; CO, 45%; CO., 10%; and 
N,, 3's 

The composition of the gases evolved from a sample of 
Speer graphite between several temperature limits has been 
reported by Siegel et al.**. The proportions corresponding to 
the range room temperature to 1,800°C are H., 16%; CO,, 
13%; CO, 56%, N., 14%. In addition, there were traces 
of hydrocarbons. All the CO, was evolved below 1,000°C; 
above this temperature CO was the major constituent. 

Little information is available on the extent of radiation- 
induced desorption of gases from graphite. American 
workers have suggested that, as might be expected, quantities 
of gas significantly above those expected from thermal con- 
siderations are evolved when graphite is subjected to pile 
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radiation, but that in a closed system*® “ part of this gas 
is re-adsorbed as higher radiation doses are accumulated. 

Graphite which has been completely degassed, by heating 
to 2,000°C and cooling under vacuum or in an inert gas 
atmosphere, re-adsorbs gas only slowly from the atmos- 
phere; after some 10 weeks the specimen contains about 
half the original quantity of gas*®. An alternative procedure 
for minimizing the evolution of gas from graphite arises 
from the observation that the gas content appears to be 
related to the purity of the graphite, suggesting that the 
chemisorbed atoms are associated with impurity centres 
in the graphite structure. Siegel et al.*® show curves 
indicating that the amount of gas evolved from spectro- 
scopic grade graphite is less than that from a commercial 
grade, while Carter and Greening report that graphite 
which has been specially purified by high-temperature 
halogen treatment has only about one-fifth the gas content 
of a similar untreated specimen. 
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PRECISION TUBES for 


Nuclear Applications 


This article discusses the manufacture of precision tubes for nuclear work, in a wide 
variety of shapes, sizes and materials, and their possibilities and present limitations. 


RECISION tube manufacture and manipulation is a 

specialized branch of engineering which, over the past 

50 years, has shown considerable versatility in adapting 

itself to every branch of industry. Nuclear engineering has 

created new challenges for the tube maker but, with few 

exceptions, they can generally be answered by adapting and 
extending well-proved production techniques. 

There are three main ways in which nuclear engineering 
has stimulated the precision tubemaker. 

(1) Improvements have been called for in the normal 
range of circular and non-circular steel tubes. 

(2) Circular and simple non-circular tubes have had to 
be made in unusual metals such as zirconium and 
niobium. 

(3) Unusual shapes, such as convoluted and finned 
tubes, have had to be made in conventional engineering 
materials. 

Before dealing with the ways in which nuclear engineering 
has stimulated tube development a brief word about the 
starting point—the conventional tube—will be useful. 

Usually, the method of making precision seamless tubes 
begins with a billet which is converted into a hollow by 
either hot piercing and hot rolling or by hot extrusion. This 
hollow—in effect a thick-walled tube—is then drawn 
through a series of dies, the bore being normally supported 
by a plug or mandrel. 

The cold drawing improves mechanical properties, grain 
structure and surface finish, and enables accurate dimen- 
sional tolerances to be achieved. By making tubes below 


Fig. 1.—High-vacuum annealing plant for rare metal tubes, 
operated for the U.K.A.E.A. 


_ 4 (Plant includes a 25 kW English Electric R.F. heater and motorized 
trolley, and vacuum equipment by Edwards High Vacuum Ltd.) 








By D. F. WATERHOUSE, M.A. 
(Accles and Pollock Ltd.) 


.002-in. outside diameter, the tubemaker has reached the 
lower end of his range. 

Special techniques must be adopted when the ratio— 
X=outside dia. D/wall thickness t becomes large or small. 
It is large for tubes used as rotor sheaths in the submer- 
sible pumps, which have been widely used in water circuits 
of reactors and turbines. Tubes with D=4 in., r=.004 in., 
X=1000 and D=8 in., r=.019 in., X¥=420 have been made 
for this purpose. At the other extreme, at low ratio, many 
tubes have been made for high-pressure chemical plants— 
working at 50,000 p.s.i. for instance. 

Non-circular section tubes have been made in about 2,000 
shapes. These are made by drawing a circular tube through 
one or more non-circular dies to reform the metal into 
the desired configuration. The thick-walled non-circular 
tube originally produced for boring rifle barrels, has been 
used successfully for machining axial holes in cylindrical 
pieces of uranium. 


Improvements to Conventional Tubes 


In using conventional forms of tubing for nuclear plants 
certain aspects have proved to be of considerable 
importance. 


Control of material: The safety of some parts of reactors 
and irradiated fuel processing plants may depend upon the 
soundness of a single tube. If a defect is discovered during 
erection or operation, all other tubes made from the same 
cast of steel must be examined. A comprehensive system 
of recording and segregation of steel ensures that all tubes 
made from the same cast can be readily traced. 























Fig. 2.—Finned niobium fuel element cans. 
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Fig. 3.—Fuel element cans. (L. to R.—Aluminium with 13 fins; Niobium with spacer fins; Magnox with 20 fins; Can in 
aluminium alloy for the Halden reactor; Magnox with 32 helical fins.) 


Surface Contamination: Minute traces of certain elements 
on the surface of tubes inside the reactor, which have no 
effect on the efficient working of the tubes, may be 
unacceptable on the grounds of nuclear or chemical com- 
patibility, the most serious being such common materials 
as lead, copper, zinc and aluminium, which cause penetra- 
tion in the magnesium alloy can walls. Although such 
elements are not deliberately used alongside the mild and 
stainless steels, they are Common in every engineering 
works, and contamination has to be guarded against. On 
certain stainless-steel tubes the maximum contamination 
allowable is 0.5 microgram per square centimetre for lead 
and copper. Close control of production, and particularly 
of acid solutions, allied to specially developed analytical 
techniques, have made it possible to keep well within the 
specification. 


Composition: The presence of a small amount of cobali 
in stainless-steel control rod sheaths, which have to be 
removed from the core periodically, leads to a shielding 
problem because of the intensity of the y emission from 
irradiated cobalt. Stainless steels of about 0.01% cobalt 
content are now available, compared with the 0.2% 
formerly common. This improvement is of obvious advan- 
tage to the shielding designer. 


Testing: The perfect tube has always been the goal of the 
tubemaker as well as the user. Careful manufacture and 
close visual inspection during processing help to produce 
a good tube, but final testing remains a vital safeguard. 
Visual inspection, micro examination of selected pieces, 
and pressure testing help to find defective tubes, but the 


Fig. 6.—Tubes of various sections in zirconium. 





designer of reactors or processing plants requires even 
greater safeguards. He radiographs and ultrasonically tests 
his welds and sheets but has so far had no comparable tests 
for the tubes in between. Variations in thickness and the 
curvature of the surface of tubes complicate the use of 
standard techniques, but it has recently been found possible 






Fig. 4.—Tube with annular 
convolutions. 


Fig. 5.—Flexible tubing with 
helical convolutions. 


to use ultrasonic and eddy current methods for detecting 
minute fissures on both inside and outside surfaces of tubes. 

Ultrasonic methods have been devised to test for defects 
such as surface cracks, inclusions and laminations. Small 
tubes were previously most difficult to test using standard 
techniques, but by the use of a newly developed twin probe 
method, on which a provisional patent has been taken, the 
smaller sizes can be properly inspected and it is now 
possible to test sizes from 4 in. 0.d. to 6 in. o.d. with wall 
thicknesses .050 in. and greater, in lengths of 30 ft or more. 
Further development work is being undertaken to extend 
the range below 3} in. o.d. 

Commercially available eddy current fault-testing 
machines have been adapted for use with tubes. In general 
eddy current methods are quicker and cheaper to operate 
than are ultrasonic methods but they are not so precise. 
Longitudinal defects such as cracks and overlaps can be 
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detected by this means and experimental work is being 
done on detecting small inclusions. 

In ferrous materials tubes can be tested in the range 
0.2 in. to 2.5 in. o.d. In non-magnetic materials, including 
austenitic stainless steel, tubes can be tested from 0.078 in. 
to 1.575 in. o.d. Further equipment and refinements in 
technique will enable a wider range to be achieved. 


Unusual Metals 

Nuclear engineering has provided a powerful stimulus to 
the development of seamless tubes in titanium, zirconium, 
niobium, tantalum, vanadium, molybdenum and beryllium. 
The precision tubemaker would like his suppliers to provide 
massive metal with the working characteristics of, say, at 
worst, stainless steel and the makers of massive metals 
—the U.K.A.E.A., Murex Ltd., I-C.I. Ltd. and W. Jessop 
Ltd., in particular—have made notable advances towards 
the tubemakers ideal of ductile metal. For most of these 
“rare” metals, material has now been made from which 
tubes can be drawn, despite the difficulties, especially lubri- 
cation, encountered during working. 

These metals can be classified into three groups, according 
to the methods and ease of working: Titanium and 
zirconium are hot extruded from arc-melted billets and 
readily drawn into a wide range of forms. Niobium, 
tantalum and vanadium are generally made into massive 
metal by sintering. Sintering size limitations affect finished 
tube volumes. Molybdenum and beryllium, because of 
poor room-temperature ductility, still present many 
unsolved problems in tubemaking. 


Titanium and Zirconium 
Arc-melted billets are now available in titanium, 
zirconium, and their respective alloys. The quality of the 


Fig. 7.—Magnox fuel element cans. 
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material is high and hot extrusion is used for producing the 
hollows from which precision tubes are subsequently made. 
Unfortunately, both metals readily cold-weld to the dies 
and tools used in drawing, and such galling damages the 
tube and the tools. Because of galling, drawing using a 
mandrel has been more successful than with a plug, where 
frictional forces are greater. 

A type of cold pilgering known as cold reducing has 
proved useful in working titanium and zirconium. Essen- 
tially the process involves rolling on to a tapered mandrel, 
which reduces the cross-sectional area and consequently 
elongates the tube. Reductions of area of over 50% have 
been achieved. As the operation is one of rolling, the 
galling problem is not as difficult as with drawing. 

Between operations annealing at about 700°C is necessary 
to relieve the drawing stresses. Both metals are excellent 
getters for oxygen, nitrogen and hydrogen and become 
embrittled. On exposure to air at high temperatures, an 





Fig. 8.—Impact-extruded aluminium alloy cans for the Halden 
reactor being inspected. 


oxide layer is formed, which slowly diffuses into the parent 
metal. Providing the time is short this diffusion presents 
few problems as the penetration is slight. Full recrystalliza- 
tion of worked material can occur quickly, so annealing in 
air is possible with a short time cycle. 

The limitations on the sizes of tubes that can be made 
are:— 

Billetweight. Modern arc-melting furnaces in the U.S. and 
Britain can produce billets of one ton or more in weight. 
Consequently, this factor is rarely a limitation. 
Extrusion. For larger tubes with thick walls, e.g. 5 in.-6 in. 
diameter, the capacity of existing extrusion presses often 
limits the length of the extrusion from which seamless 
tubes have to be made. 

Drawing. For the normal tube range the limitations on the 
range of tubes are those that operate for normal steel, 
namely inlet and outlet lengths of cold reducing machines 
and drawbenches. 

The nuclear designer can assume that any normal com- 
mercial steel tube size from } in. to 3 in. o.d. can be made 
in lengths of up to 15 ft. Tubes with diameters below and 
above these can be made, the length depending on the 
actual sizes. 


Tantalum, Niobium and Vanadium 

One of the earliest tubemaking processes, cupping and 
drawing, has been revived for these metals. In this 
process, which long ago fell into disuse for conventional 
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Fig. 9.—(Right) Niobium tubes with integral spacer fins. 


Fig. 10.—(Centre) Part of a stainless steel tube 10 ft long with 
external and internal fins, used to keep Breeder fuel elements 
apart by placing in alternate rows. 


Fig. 11.—(Below) A pressure tube, 23 in. bore, and seven fuel 
element cans with integral spacer fins, in Zircaloy-2. 


steels, a disc is pressed into a cup and then elongated by 
further operations into a tube. 

Tantalum, niobium and vanadium have been success- 
fully sintered into bars from powder. At this stage a small 
amount of porosity and low ductility makes tube drawing 
difficult, and further densification and heat treatment are 


needed before tubes can be made. Forging and rolling 
reduces the bars to sheet which is suitable for the cupping 
process. Possibly in the future, ductile ingots will be 
made and the more “ modern” technique of extrusion 
may be applicable. 

Each of these metals is an excellent getter for oxygen, 
nitrogen and hydrogen and the rate of reaction between 
the metal and the gases increases rapidly from about 200°C. 
Surface compounds, particularly the oxide, are quickly 
absorbed into the metal leading to brittleness, and a vacuum 
is essential for stress relieving to prevent this. Pressures of 
0.0001 mm are necessary during the heating to above 
1,000°C. 

Fortunately it is possible to cup and draw these metals 
at room temperature and to perform a number of opera- 
tions before stress relieving becomes necessary. In draw- 
bench operations, single reductions of area up to 35% can 
be given, with total reductions of 60-80%, before annealing 
is necessary. The selection of the appropriate point for 
stress relieving depends on the thickness/diameter ratio of 
the tube. 

Galling between tube and die is a considerable problem, 
but with improved lubricants it has been possible to draw 
through dies made of tungsten carbide, hard chrome-plated 
steel and aluminium bronze, which latter has proved a good 
material in preventing galling. 

Using the cupping method the volume of metal in any 
one tube is limited by the size of the disc available. Discs 
of up to 74 cu. in. in volume have been cupped and drawn 
and larger pieces may be available in the future. 

Because of the size of existing vacuum annealing furnaces 
the maximum length that can be supplied in the annealed 
condition is 40 in. Longer lengths up to 11 ft can be 
supplied in the “ as-drawn ” condition in some sizes. 

Tubes at present being made in niobium vary from 
.060 in. o.d. X 0.003 in. wall, to 2 in. o.d. X 0.020 in. wall 

In tantalum, sizes at present being made vary from 
0.016 in. o.d. x 0.004 in. wall, to 1.125 in. o.d. x 0.010 in. 
wall in tube form; and crucibles up to 34 in. dia. 


Molybdenum and Beryllium 

Molybdenum and beryllium with their low room tempera- 
ture ductility are most difficult to make into sound seam- 
less tubes. By cupping, tubes have been made in molyb- 
denum with sizes 1.250 in. o.d. x 0.040 in. wall and 0.625 in. 
o.d. X 0.020 in. wall. 
In beryllium, tubes have been made by hot extrusion at 
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about 1,000°C and impact extrusion at 400°-500°C using 
the improved ductility at these temperatures. By the latter 
method a tube 1 in. o.d. x 0.040 in. wall has been made. 

The problems of large-scale tubemaking have not been 
solved for either molybdenum or beryllium and much 
development work has to be done before tubes can be 
produced to order. 


Flexible Tubing 

Flexible joints are made by hydraulic expansion of thin 
stainless-steel tubes into dies and subsequent mechanical 
compression, giving a bellows-like formation of annular 
convolutions which give maximum flexibility. Flexible joints 
have already been manufactured in austenitic stainless steel 
in sizes ranging from 4 in. dia (plain end) X 30 convolutions 
to 2.715 in. dia (plain end) X12 convolutions. 

Helically-convoluted flexible tubing is manufactured by a 
high-speed swaging operation. Lengths are limited by the 
length of plain seamless tubing that can be produced on 
drawbenches, but tubes have been made from ; in. to 
3 in. nominal bore. 

In addition to normal production in austenitic stainless 
steel samples have also been made in other metals, for 
instance in Inconel, titanium, zirconium and niobium. 


Impact Extrusion 


On high-speed impact extrusion equipment many forms 
of finned tubes suitable for fuel-element cans have been 
made. 

A 500-ton Hypactor press made by Fielding and Platt, 
Ltd., has been used in these experiments. The operations 
are to move the billet and container up to the die face and 
then force the metal between pilot and die by means of the 
punch. After extrusion a small amount remains unextruded 
and this has to be cut away before the extrusion can be 
removed. 

The extrusion ratio Billet cross-sectional area/Extruded 
cross-sectional area is governed by the ductility and 
strength of the material concerned. Aluminium can have 
an extrusion ratio as high as 100/1 for simple forms and 
can be extruded cold. Surface finishes of a few micro- 
inches are achievable. 

Magnesium alloys such as Magnox Al12 have to be hot 
extruded and the range 350°-450°C has been found to be 
suitable. At these temperatures, adequate ductility is com- 
bined with reasonable strength, enabling extrusions to be 
made of cans with thin fins. 

Closely-held dimensions and a good surface are charac- 
teristics of impact extrusions. For instance a plain round 
tube has been supplied in Magnox A12 about 1} in. bore 
and 0.2 in. wall with a variation of only +0.005 in. in bore 
diameter, +0.003 in. in mean wall thickness and +0.008 in. 
in extreme wall thickness, including eccentricity. 
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Fig. 12.—Helically gilled tubing. 


Impact extrusion has proved an excellent method for 
making fuel-element cans in aluminium, Magnox A12, and 
ZW1 material. Longitudinal fins are produced which can 
be made into helical form subsequently. Some of the 
impact extrusions suitable for cans are shown in the 
illustrations. 


Integral Spacer Fins 

Low integral spacer fins are necessary where tubes are 
used in bundles to prevent the adjacent tube walls from 
touching. As many water and liquid-metal cooled reactors 
use bundles of small rods as fuel elements, some means of 
spacing is needed to ensure that the coolant can pass 
between the rods and prevent the formation of hot spots. 
Two main techniques are available—either spacer plates at 
the ends and at intermediate points on the rods, or helical 
spacer fins on the walls of the fuel-element cans. 

When the latter method has been adopted, the fins have 
usually been formed by wrapping wire on to plain tubes 
and welding or brazing in position. An alternative method 
is to form the fins by drawing a thicker tube through a 
series of shaped dies to obtain fins integral with the wall. 
This has the obvious advantages that the fins will never 
separate from the tube wall and there is no danger of 
damaging the tube by the heat needed for welding or 
brazing. 


Gilled Tubes 

The problem of heat transfer from gas to liquid or liquid 
to gas has existed for a long time, particularly in chemical 
engineering. Over many years, various types of external 
extended surfaces have been attached to tubes to help 
solve the problem. Recently, however, the needs of the 
boilers used in the gas-cooled reactors modelled on Calder 
Hall have stimulated interest in extended surface tubes. 

Several solutions can be adopted: studs or strip can be 
welded to a tube, or tubes can be expanded into discs or 
plates. Another method is to form gills from a thick tube. 
so that they are integral with the tube wall. This has 
advantages as the heat flow between tube and gill is 
unimpeded, gills with a profile of high efficiency can be 
made and the materials which can be gilled cover a very 
wide range. 

To make helically gilled tubing a special “ Giltube ” pro- 
cess is being developed to roll the gills from a thick-walled 
tube. Fig. 12 shows some of the forms which have been 
made in the past few years. New equipment is now being 
commissioned on which it is hoped to produce tubes up to 
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6 in. crest (overall) diameter with surface area ratios in 
excess of 6: 1, up to 20 ft long. 

Gilled-tube development has been concentrated on mild 
steel. Trial batches have also been made in stainless steel, 
aluminium and magnesium alloys, zirconium, titanium, 
and composite tubes with either a mechanical or metallur- 
gical bond between the tubes. 

Many problems of machines, tools and materials yet 
remain to be solved before gilled tubes can be made from 
every material in which seamless tubes are available. How- 
ever, development is proceeding rapidly and designers of 
heat-transfer equipment have a widening range of gill forms 
available to them. 

The precision tubemaker has, in short, produced some of 
the essential hardware by which scientific theory has been 
translated into engineering fact. With the gathering 
momentum of scientific discovery in future years it is to 
be expected that new scientific industries will demand and 
get novel products. 
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Tubes de Précision en Technique Nucléaire 


La technique nucléaire touche le fabricant de tubes de précision 
de trois maniéres. Les tubes de type ordinaire doivent souvent 
étre fabriqués avec des parois trés minces; les spécifications en 
ce qui concerne la présence de petites quantités de matiéres en 
alliage—un facteur considéré normalement comme étant de peu 
d’importance—sont maintenant plus sévéres; ou des précautions 
spéciales doivent étre prises contre des quantités minimes de 
contamination de surface. 

Un autre besoin est celui de tubes en métaux peu usuels, tels 
que le titane, le zirconium, le niobium, le tantale, le vanadium, 
le molybdene et le béryllium, dont un grand nombre nécessitent 
le développement de techniques de fabrication  spéciales. 
Finalement, il existe une demande pour des formes de tube peu 
usuelles, des tubes flexibles et des tubes a ailettes a convolutions 
ou volets incorporés. Le fabricant de tubes de précision doit 
étre en mesure de résoudre tous ces problémes de maniére 
adéquate. 


Prazisionsrohren in der Kerntechnik 


Die Kerntechnik hat die Réhrenwerke in dreifacher Hinsicht 
vor ganz neue Probleme gestellt: Normale Réhrensorten miissen 
oft sehr diinnwandig sein; die Vorschriften in Bezug auf 
Anwesenheit von selbst kleinen Mengen von Legierungsbestand- 
teilen, die man bisher fiir unerheblich hielt, sind verschdrft 
worden; es miissen besondere Vorsichtsmassnahmen gegen 
geringste Oberflaichenverunreinigung getroffen werden. 

Weiterhin besteht Bedarf an Réhren aus den selteneren Metallen 
Titan, Zirkon, Niob, Tantal, Vanadium, Molybddan und Beryllium. 
Bei vielen dieser Stoffe war Entwicklung besonderer Fertigungsver- 
fahren erforderlich. Schliesslich besteht Bedarf an biegsamen 
Rohren ungewoéhnlicher Form, und an solchen mit spiraligen 
oder eingebauten Rippen. Die Réhrenwerke miissen fabrikations- 
technisch in der Lage sein, solche Sonderwiinsche zu erfiillen. 


Tubos de Precision en la Ingenieria Nuclear 


La ingenieria nuclear ha afectado al fabircante de tubos de 
precision en tres formas. Los tipos corrientes de tubo tienen 
que hacerse a menudo con paredes muy delgadas; con necesidades 
mds exigentes con respecto a la presencia de materiales 
aleadores, considerados normalmente como de poca importancia; 
0 con precauciones especiales tomadas contra cantidades 
pequenisimas de contaminacién de superficies. 

Una segunda exigencia es por tubos en metales poco usuales, 
como titanio, zirconio, niobio, tantalio, vanadio, molibdeno y 
berilio, muchos de los cuales exigen la evolucién de técnicas 
especiales de fabricacién. Finalmente, hay demanda por formas 
poco usuales de tuberia para tubos flexibles y para tubos con 
convoluciones, aletas, etc. incorporadas. El fabricante de tubos 
de precisién parece estar bien situado para hacer frente 
adecuadamente a todos estos problemas. 
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APSA RA—Asia’s First 


Nuclear Reactor 


By A. S. RAO 


( Deputy Chief Scientific Officer, Atomic Energy Establishment, 
Government of India). 


Pressure on space has hitherto prevented the publication of this article, which was 
written some considerable time before the Geneva Conference, at which this reactor 


was fully described (Paper 1625). 
the instrument and control channels. 


N the fourth of August, 1956, Asia’s first nuclear 

reactor, “ Apsara,” designed by Indian engineers and 
scientists of India’s Atomic Energy Establishment, achieved 
criticality. Nearly all parts of the reactor, except the fuel 
elements, were fabricated in India. The enriched uranium 
in the form of fabricated fuel elements was supplied by the 
U.K.A.E.A. under a co-operative agreement. The reactor 
is of the swimming-pool type—a light water moderated 
heterogeneous reactor, using enriched uranium as fuel. 
The water also serves as shield, coolant and reflector. The 
reactor is used in the training of personnel in reactor tech- 
nology and for research in nuclear physics, nuclear 
engineering and biology. There is, in addition, provision 
for the production of small quantities of radio-isotopes. A 
special “ shielding corner” has also been provided where 
experiments can be conducted on the bulk shielding proper- 
ties of various materials. This information will be of 
particular value in the future design of power reactors and 
in reactor technology in general. 

The reactor is designed to operate at a maximum power 
level of 1 MW. With normal operation, the reactor runs 
at a power level of 100 kW, when the thermal neutron flux 
at the edge of the core. is about 10” n/cm?, sec, but forced 
cooling is necessary for power levels above this. When 
operating at 1 MW, the bulk water in the pool is circulated 
at a rate of 200 gal/min through a heat exchanger. Further, 
part of the water is continuously circulated at the rate of 
5 gal/min, through an ion exchange column, to avoid 
activation hazards from impurities. In the extreme case 
of any undue activation of the water, a dump tank is 
provided outside the reactor building to empty the water 
from the reactor tank. 


Reactor Tank and Core 


The core consists of an assembly of about 30 fuel 
elements closely positioned on an aluminium grid plate 
about 6 in. thick. Each fuel element is made up of several 
convex fuel plates which, in turn, are formed from a sheet 
of aluminium enriched uranium alloy sandwiched between 
aluminium. The core is approximately 18 in. X 18 in. X 
24 in. high, and requires nearly 3.5 kg uranium-235, for 
the reactor to go critical. The core is suspended from a 
trolley situated on the top of the pool. The trolley can 
move the core to specified positions in the pool, depending 
upon the experimental requirements. The pool itself is a 
concrete tank, 28 ft x 10 ft xX 28 ft with its interior suitably 
painted to prevent direct contact between water and the 
concrete. The walls of the tank are 8.5 ft thick. The 
height of water in the pool above the reactor core, and 
the thicknesses of the various biological shields, have been 
so chosen that when the reactor is operating at top power 
the radiation dose to personnel working with the reactor 
does not exceed one-tenth m.p.1. 


Dr. Rao here discusses the general design and in detail, 


The reactor has been specially designed to provide a 
versatile neutron source for a wide range of experiments. 
It is capable of operation with the core in three different 
positions. In the first position (position A), situated near 
one end of the tank, there are five experimental channels. 








Exterior view of the reactor house. 


In this core position there is also the thermal column, 
which occupies the smaller face of the tank. Position B is 
near the middle of the tank and has three experimental 
channels. At the other end of the tank, in a corner, lies 
position C. In this position, part of the biological shield 
is made in the form of portable units, to enable the study 
of the shielding properties of various materials. 

It is further possible to divide the pool into two separate 
parts by means of a large water-tight door in the middle of 
the pool. This will enable maintenance work to be carried 
out in one section of the pool while the core is still located 
in the other. The water fed into the tank is demineralized, 
with total impurities less than 5 ppm. This high level of 
purity has the further advantage of inhibiting corrosion 
of the various components that lie submerged in the pool. 
A continuous overflow from the pool at the rate of about 
200 gal/h ensures that the water surface is always kept free 
of impurities. Pumps, heat exchangers and an induced- 
draught cooling tower are provided for cooling the reactor 
when it is operated above 100 kW. The controls for the 
water-handling plant are housed in a separate control panel 
and include indicating meters and two ElectroniK circular 
chart recorders—one for recording the coolant flow rate 
and the other the conductivity of the pool water. 


Instrumentation 


The reactor control room, which is situated in the first 
floor of the reactor building, has a transparent wall which 
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General view of the reactor trolley. 


enables the operator to view the trolley. The control desk 
houses all the control switches and the important indicating 
meters. The entire electronics for the set-up is located in 
a nine-bay rack assembly facing the operator. Each rack 
houses an ElectroniK single- or multi-channel recorder, 
mounted so as to be easily visible from the operator’s 
desk. 


Control and Safety Rods 

The reactor is controlled by four control rods, each com- 
prising a cadmium sheet wound over a stainless steel core 
and enclosed in a stainless steel tube. The control rods 
move inside a central hole in special two-plate fuel elements 
in the core. Three of the control rods are identical and 
possess a maximum equivalent reactivity of about 2%. 
Two of these are safety rods and are used for shutting 
down the reactor under conditions of normal operation, 
and also in emergencies. The third 2% rod is a coarse 
control or shim rod cum safety rod. This ensures control 
over large changes in reactivity which arise from poisons, 
external absorbers, etc. The fourth rod is a fine control or 
regulating rod and has an equivalent reactivity of about 
4%. This rod is used for normal operation and automatic 
regulation of power level. 

The 2% rods are all suspended from electromagnets, and 
are driven by constant-speed reversible motors. As soon 
as the magnets are de-energized, the rods drop into the 
core under gravity. The shock of the drop is absorbed by 
hydraulic shock absorbers located on the trolley. The 
regulating rod is driven by a variable-speed direct current 
servomotor. The servomotor supply is obtained from a 
thyratron motor control circuit controlled by a servo- 
amplifier. The positions of the safety rods are transmitted 
to the control room by means of limit switches, and those 
of the coarse and fine control rods by helical potentio- 
meters. The coarse control rod and fine control rod 
positions are recorded on an ElectroniK recorder. The 
rod drives are interlocked (a) among themselves, (b) with 
the trolley moving circuit, and (c) with the fission counter 
circuit so as to prevent any maloperation of the reactor. 


Flux Measurements 


The measurement of the reactor core neutron flux is 
made by five neutron flux measuring channels. One of 
these channels, which is for purposes of start-up only, uses 
an enriched uranium coated fission counter of the con- 
centric suspended cylinder type. This counter is located 
in the pool just above the core. The other four channels 
use boron carbide coated parallel plate chambers, which 
are placed at suitable points near the core. Four-in. lead 
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shielding is used for all the four boron chambers. The 
pre-amplifiers for the chambers and the cable distribution 
boards are housed in a cubicle on the trolley. The pre- 
amplifier outputs are fed to their respective main amplifiers 
in the control room. Several chambers, located at strategic 
points in the reactor hall, monitor the gamma radiation 
outside the concrete shield of the pool. 


Fission Counter Channel. The fission counter channel 
is used for the measurement of the neutron flux at low 
power levels, such as are obtained during the start-up and 
shut-down of the reactor. As soon as the flux level exceeds 
a certain preset value, the fission counter is withdrawn 
upwards about three feet. The motion of the counter is 
controlled from the control desk and the position of the 
counter is telemetered to the control room. The output of 
the main amplifier of the fission counter channel is fed, 
through a discriminator, to a decade scaler and log count 
rate meter. The latter is connected to an indicating meter, 
an ElectroniK recorder, and a period differentiator. The 
differentiator gives an output which is proportional to the 
reciprocal of the reactor period. The period is indicated 
on a meter on the control desk and recorded. 


Log Channel. The log channel provides indication of the 
flux level over the full range of operation of the reactor, 
on a single scale without range changing, and also gives 
the input for the period differentiator. This channel uses 
one of the boron carbide coated chambers and comes into 
operation after the fission counter channel has reached its 
maximum. The output of the main amplifier of this 
channel is connected to an indicating meter, recorder and 
the period differentiator. This channel also acts as a safety 
channel. The output from the period differentiator is fed 
to a sigma (safety) amplifier, which shuts down the reactor 
if the period becomes less than a preset limit. 






































Plan and section of Apsara. Overall dimensions are 45 ft x 
27 ft x 27 ft. 
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Linear Channel. The linear channel gives an accurate 
indication of the flux level and provides the signal for an 
error detector derived from another of the boron carbide 
chambers. The linear pre-amplifier has a number of 
switches which serve to change the input resistance, thus 
changing the flux range covered. The switches are remotely 
controlled from the control room. The main amplifier is 
connected to an indicating meter, recorder and an error 
detector. The error is indicated on a meter on the control 
desk and is fed to the servo amplifier when the system is 
on automatic control. 


Safety Channels. There are two safety channels, which 
are identical and, together with the log channel, provide 
the safety system for the reactor. The safety channels use 
the two other boron carbide chambers. The two main 
amplifiers of these channels, called the sigma amplifiers, 
along with the sigma amplifier of the log channel, feed a 
common bus, called the sigma bus. The electromagnets of 
the safety rod and the coarse control rod draw their 
currents from magnet amplifiers which are controlled by 
the voltage on the sigma bus. As the sigma bus voltage 





Control room, showing chart recorders. 


increases, the magnet currents decrease and the magnets 
are de-energized. The paralleling of the three safety 
amplifiers assures that a large signal or fault in any one of 
the channels will also shut down the reactor. The sigma 
amplifier voltages and magnet currents are indicated on 
meters on the control panels. 


Safety Instrumentation 


The radiation in the reactor hall is monitored by four 
mobile gamma chambers located at various positions. The 
outputs of these monitors are connected to indicating 
meters on the control panels and to a multi-channel 
recorder. Switches operated by the recorder provide warn- 
ings when the radiation level reaches a preset level. 
Further, the reactor is scrammed if the radiation level 
exceeds m.p.I. 

The temperatures of the fuel elements, the pool water 
and the heat exchanger are measured by means of a 
number of copper-constantan thermocouples and recorded 
on two multi-channel recorders. Switches operated by the 
recorders scram the reactor when any of the temperatures 
exceeds a certain preset safety level. 

The rate of primary coolant flow through the heat 
exchanger is measured by a flow meter body connected to 
a circular chart recorder in the pump room. A re-trans- 
mitting slide wire attached to this recorder sends a signal 
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View of the pool 
shielding, from 
ground-level. 





to a strip chart recorder in the control room. Whenever 
the flow rate drops below a desired value a scram switch 
is actuated by the control room recorder, and the reactor 
shut down. 

The level of water in the pool is measured by a 
manometer, which operates switches located in the pump 
room. These, in turn, actuate warnings and scram circuits 
when the predetermined water level is not maintained. 

Should a fuel element be damaged, fission products might 
leak into the pool water and constitute a serious radiation 
hazard. To check this, monitors are placed at the heat 
exchanger inlet and in the ion exchange column of the 
water purification system. The outputs of these monitors 
are connected to indicating meters on the control panel and 
to two channels in the health recorder. If the fission 
product leakage is higher than a safe limit, the monitors 
scram the reactor. 


Safety Circuits 


There are two types of scrams—the fast and the slow. 
The fast scrams control the sigma bus voltage and hence 
the magnet currents. The slow scrams control the magnet 
currents by cutting off the magnet amplifier power supplied 
or by grounding the sigma bus. Fast scrams are activated 
when the period goes below a preset value, or when the 
safety chambers give a signal corresponding to 30% above 
the maximum permissible power level or when faults 
develop in the sigma and magnet amplifiers. All the other 
scrams are slow scrams. In addition to the scrams 
described already, manual scram switches are provided on 
the control desk, on the trolley and at several po:nts in the 
reactor hall. Every scram provides an audible alarm and 
a visual indication of the scramming circuit. By-pass 
switches are provided for the coolant flow and water level 
scrams to permit operation of the reactor at low powers. 

Particular care has been taken in the design of the instru- 
mentation to incorporate “ fail-safe” principles. Whenever 
any of the units such as power supplies, instruments, 
switches, relays, or cables fails, a scram condition is simu- 
lated so that the reactor is immediately shut down. This 
ensures that component failure can never lead to faulty 
operation of the reactor leading to dangerous situations. 
Further, interlocks are also provided between the various 
circuits so as to reduce the possibility of maloperation. | 
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Fabricating the Tube Nest 


for the Dounreay Core 


Toolroom ‘Techniques Required to Meet Specifications 


IMITS of accuracy for the central core 
tube nest of the Dounreay Fast 
Reactor were set at + 0.005 in. on the 
overall dimensions of the unit, so that the 
quality of the workmanship required can 
well be imagined. Through the courtesy 
of Silcoms, a_ subsidiary of Bolton 
Engineering Co., Ltd., the builders, we 
were able to visit their Victoria Works 
at Piggott Street, Farnworth, Lancs, and 
observe some of the methods employed 
in manufacture. 

In its completed form the tube nest 
constitutes a right prism, roughly 4 ft 
long and some 20 in. across corners, the 
cross-section taking the form of a six- 
pointed star, so that the unit resembles 
a long pinion of coarse pitch. The 
assembly consists of top and bottom core 
plates, the tubes for containing the fuel 
elements, and six side plates forming the 
enclosure. It is entirely fabricated from 
stainless steel which, naturally, did not 
make the machining problems any easier. 





The top core plate, showing the 
intricate machining required. 





Core Plates 

The bottom plate is 6 in. thick, and was 
machined from a solid stainless steel 
forging some 20 in. square. After 
roughly sawing to the shape of a six- 
pointed star, it was milled to within a 
few thou. of an in. of finished size before 
boring the holes. There were some 270 
holes with a bore diameter of around 
0.850 in., a third of which are counter- 
bored to approximately one inch dia., 
and the finished plate more closely 
resembles a thick honeycomb than a steel 
block. 

The holes were first drilled consider- 
ably undersize, on a jig-borer, and after- 
wards precision bored to a final tolerance 
of +0.0005 in. on both hole size and on 
hole position. On completion of the 
boring operations, the plate was then 
machined on the outer faces to a width- 
across-flats tolerance of +0.001 in. 

The top plate, which resembles the 
bottom plates, except that it is 2} in. 
thick, was manufactured in exactly the 
same manner. 


Tubes 

The particular design calls for a 
number of long round tubes with a 
hexagonal middle section and side ports. 
Grouped around each long tube are a 
number of short tubes which have the 
same middle section and side ports. The 
short and long tubes nest together like 
the core of a cable, so that each long 
tube is surrounded by three short tubes, 
each of which, of course, is common to 
another long tube. The design also 
required the tubes to interlock with each 
other by means of the swelled hexagonal 
middle section and the side ports, and to 


(Right) Portions of the 
tubes showing the 
swelled middle section 
and the milled slots. 


(Left) Machining the 
top core plate on a 
jig-borer. 


lock into slots which are undercut in the 
side plates. The finished tubes are 
approximately 1 in. outside diameter, 
except for the swelled middle section. 

In a job where great accuracy was not 
required, it would probably be sufficient 
to use precision-bore tube and obtain 
the swelled section by hot upsetting. In 
this case, a thick-walled tube had to be 
used throughout to provide the larger 
section, and the remainder machined 
down to size. 

The machining of stainless steel tubes 
of comparatively small diameter is, in 
itself, a problem; as most engineers are 
well aware it is necessary when machin- 
ing this material to take a “ bite” and 
any attempt at a very fine surface skim 
always results in work hardening. To 
take a reasonably heavy cut on the 
inside of a long narrow tube (approxi- 
mately { in. inside diameter and 34 in. 
long) with a finished wall thickness of 
approximately 0.050 in. involves problems 
of stiffness, and a considerable amount 
of ingenuity was expended on _ the 
arrangement of steadies. It was, in fact, 
actually necessary to pay attention to the 
headstock bearings of a practically new 
toolroom lathe—a machine that is 





normally considered above criticism in 
these matters. 

After a great deal of experimenting 
with the more common types of boring 
tools, the problem was eventually settled 
by the use of a specially designed cutter 
which gave very satisfactory results, the 
thickness of the tube wall being main- 
tained within a tolerance of +0.001 in. 
along its entire length. The cutting of 
the hexagonal middle section, the four 
longitudinal slots, and the three trans- 
verse slots for the interlocking of the 
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tubes, was performed by conventional 
milling methods. 


Side Plates 


The side plates which take the form of 
a length of obtuse angle section (120°) 
were bent up from stainless steel plate 
4 in. thick, although the finished thickness 
of the major portion is less than half of 
this. The use of the 4 in. plate, however, 
with subsequent machining, ensured the 
removal of the metal immediately on the 
outside of the bend which might other- 
wise have a tendency towards cracking. 
It also enabled the thicker portions, 
required for the fixing and locking-in of 


the tubes, to be produced with ease. The 
faces of the plates and slots for the tubes 
were all machined with various specially 
shaped milling cutters. 

As in the case of the top and bottom 
core plates, the machining of the side 
plates was carried out in four or five 
stages, and between each stage the plate 
was checked for distortion and, if neces- 
sary, corrected on a specially-designed 
stretching fixture. 

A specially designed fixture was built 
for the assembly of the various parts. 
The bottom core plate was first placed 
on a platform at the base of the fixture, 
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(Above) Close-up of the assembled tubes showing the interlocking of short and long 
tubes. (Left) One of the side plates showing the machining on the “ inside”’ surface. 


in such a way that its chances of distor- 
tion were reduced to a minimum. The 
long tubes were then inserted in the 
bottom plate, with the shorter tubes 
locked in position between them. By 
using a specially designed lowering and 
alignment device at the top of the 
assembly fixture, the top plate was then 
dropped into position. The side plates 
were then fitted to the top and bottom 
core plates by flush-headed stainless steel 
screws. 


(Left) The unit in the 
assembly jig. 


(Right) The completed 

unit being lowered 

into position at Doun- 
reay. 


The complete assembly was then 
removed from the assembly fixture and 
given a full inspection. It was found to 
be well within the tolerance which was 
given for the job. It was packed in a 
special shock-proof container, and trans- 
ported to Dounreay site by British 
Railways on February 3, 1958, the order 
having been placed with Silcoms in July, 
1957. It is estimated that the construc- 
tion to such fine limits required some 
tens of thousands of man-hours. 
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STEEL 


Developments in Head End Processes for 
Handling S.S.-UQ, Dispersions 


By F. S. MARTIN and 
M. J. WATERMAN 
(U.K.A.E.A.) 


Since stainless steel is an acid-resistant material, its dissolution for fuel element 
processing presents some difficulty. The following summary of a recent U.K.A.E.A. 
report by the authors gives a brief description of recent developments in this direction. 


A NUMBER of processes!: 2-3-4 involving the use either 
of aqua regia or sulphuric acid for the dissolution of 
stainless-steel based reactor fuels have been described at 
various times. However, these processes must be carried 
out in vessels constructed of something other than the con- 
ventional 18-8-1-type steel; non-metallic vessels may not be 
used for highly radioactive processes, since their mechanical 
strength and general durability cannot be guaranteed to the 
same extent as steel. In addition, in the case of dissolving 
by aqua regia, it is necessary to remove the chloride content 
from the dissolver solution (e.g. by distillation with nitric 
acid) before the uranium fuel may be recovered by solvent 
extraction processes in existing plant. 

A recent reportS describes investigations of methods 
which would enable stainless-steel based fuels (e.g. a UO, 
dispersion in thin steel plate) to be dissolved directly in 
nitric acid. Two lines were studied: (a) in which the steel 
is initially treated at a high temperature with ammonia or 
methane, and (b) in which the steel is used as a soluble 
anode in a nitric acid electrolytic bath. The use of either 
of these methods would have advantages in that no special 
dissolver vessel material would be needed, and no 
special feed pre-conditioning, such as chloride ion removal, 
would be required at the solution stage. 


Methane Treatment 


The treatment with methane at 1,000°C of 18-8-1 stainless 
steel plate (about 0.05 in. thick) containing dispersed UO, 
makes it more susceptible to dissolution in nitric acid 
through the intergranular precipitation of carbon. One of 
the disadvantages of this method is that pyrolytic decom- 
position of the methane deposits large amounts of soot, 
which would cause complications in subsequent recovery 
steps. However, modification of the structure of the 
stainless steel by using ammonia gas at about 1,000°C 
(resulting in the penetration of nitrogen into the cermet) 
provides a much cleaner method of rendering the fuel 
susceptible to nitric acid dissolution, particularly if traces 
of fluoride ion are present in the dissolving solution. 
Unfortunately, the rate of attack by ammonia is slow and 


many hours treatment at 1,000°C are necessary to obtain . 


subsequent complete dissolution. 


Anodic Dissolution 


The anodic dissolving of stainless steel-UO, cermets in 
nitric acid would appear to be a potentially useful process 
for this type of fuel element. A wide variety of conditions 
may be used for the actual dissolving step as shown in 
Table 1, which correlates the dissolution potential 
(column A) with the nitric acid concentration (for direct 
current and platinum foil cathode). The use of more 
concentrated nitric acid is, of course, quite feasible. The 


current efficiencies in respect of iron dissolution are high in 
strong acid electrolyses (column B). 

The use of alternating current (which would presumably 
be cheaper) enables fuel to be dissolved at both electrodes 
simultaneously. The current efficiencies, however, are 


TABLE | 


Dissolution potentials for 18-8-1 S.S. anodes (A) and d.c. and current 
efficiency of anodic dissolution of UO:-S.S. Cermet (8) in nitric acid 





(B) Current 


(A) Dissolution Potential 
(volts Efficiency (%) 


Nitric Acid Molarity 





1 2.7 18 
2 ye 63 
4 1.9 87 
5 4.5 _ 
6 0.5 93 
7 0.5 _ 
8 — 100 

















generally only about 65% of those obtainable by using d.c. 
In both cases, small amounts of insoluble sludge are formed, 
consisting essentially of niobium derived from the steel; 
the uranium recovery in solution is greater than 99.5%. 
Dissolving may be carried beyond the point where the acid 
is stoichiometrically consumed, in which case ferric 
hydroxide is precipitated. When irradiated fuels are 
dissolved, it is found that practically all the fission 
products pass into solution. Up to half of the fission product 
niobium and about one tenth of the fission product 
zirconium are found to be associated with the small 
quantity of insoluble sludge. 

Electrical contact with the electrodes must be made 
externally to the solution; if contact is made within the 
acid (e.g. using platinum leads), then decomposition of the 
acid occurs at the inert metal surfaces and very little fuel 
dissolution takes place. Thus, the method would be suitable 
for dissolving large pieces (e.g. long fuel element strips) but 
not suitable for the recovery of collections of small pieces 
such as arise during fuel element manufacture. It is 
suggested that it would be possible to guide the strips into 
the electrolyte by passing them between pairs of metal 
rollers situated just above the dissolving vessel. These 
could also be made the means of electrical contact. One 
difficulty would be to design a system such that the fission 
product gases (xenon, krypton) released during dissolving 
could be adequately dealt with. The dissolving vessel itself 
may be made of conventional material. 
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Technical Papers and Publications 


The Economics of Nuclear Fuels. By 
J. A. Jukes, M.A., M.Sc.(Econ.), 
(Economic Adviser, U.K.A.E.A.), and 
J. K. Wright, M.A. (Economics and 
Programming Branch, U.K.A.E.A.). 


The intrinsic economic characteristics 
of the fuels themselves are first reviewed. 
Dealing with uranium, the paper points 
out the way in which the cost of enrich- 
ment rises with the degree of enrichment; 
i.e., at about 2% of U** the cost is about 
$11/g whereas at 60% it is about 
$17/g, so that enrichment is only worth- 
while if the savings on reactor design are 
considerable. Reviewing plutonium, some 
interesting curves are given showing how 
the irradiation level in MWD/t affects the 
build-up of the higher isotopes of pluto- 
nium of which the 240 and 242 isotopes 
are, of course, not fissile. 


Higher isotopes of Pu. as proportion of total pu. 
a we v0ees 





3000 800 


Irradiation level in megawatt days per tonne. 


Build-up of higher isotopes of plutonium 
against irradiation time. 


On the Th/U*® cycle it was pointed out 
that in most systems practicable at 
present, about 1 kg of fissile material 
would be required for each MWE of 
capacity, and that to operate Britain’s 
power programme on this cycle would 
require, annually, concentrated _ fissile 
material in ton quantities, so that large- 
scale use of thorium was unlikely for 
some years. Also, the protoactinium 
Pa**, formed from the thorium, had a 
long half-life (27.4 days) and, under 
irradiation, changed to Pa** which 
decayed to U**, another non-fissile 
material. The proportion of Pa** formed 
depended on the neutron flux and, there- 
fore, set a limit to the heat rating of the 
reactor—another disadvantage of this 
cycle. Also the 27-day half-life meant 
relatively large amounts of material 
locked up in the cooling ponds. Against 
these disadvantages could be set the high 
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conversion factor and it might be possible 
to breed with a thermal reactor cycle. 

Reactor design also influenced fuel 
costs. For example the sodium graphite 
reactor had advantages in allowing high 
temperature operation and a large reactor, 
but the neutron absorption of the 
sodium was large, and the proportion of 
non-fissile plutonium was higher so that 
the fuel cost was actually greater than the 
gas-cooled reactor. 


» & e 


US.A.E.C. prices 





Percentage U-235 content 


Cost per, gramme of U?*> at various 
enrichments. 


Other factors which had a considerable 
effect on economics were the selection of 
canning materials, the irradiation level, 
the costs of processing—which could 
vary widely according to the scale of 
operations—and the necessity for a 
balanced programme of reactor develop- 
ment and construction. The difficulties 
of planning and timing were considerable; 
one could not afford to wait for the 
development of a market in_ fissile 
materials before making investment 
decisions for either a power programme 
or the research and development preced- 
ing it. Precise calculations would have 
to wait on further development of tech- 
nology, but it was important to make the 

est use of the limited information 
available. 


A Review of the Future of Nuclear 
Reactor Systems in the Light of 
Available Research and Operating 
Experience. By Sir Christopher 
Hinton, K.B.E., F.R.S. (Chairman, 
C.E.G.B.) and L. Rotherham, M.Sc., 
F.Inst.P. (C.E.G.B.). 


The long-term future of nuclear energy 
depended on ability to raise the top tem- 
perature of the heat cycle. This involved 
expensive canning materials, which could 
only be afforded by using high ratings. 
These in turn demanded element forms 
that required enrichment which, again, 
could only be justified by high burn-up; 
so that ceramic fuels appeared inevitable. 


Fuel elements would not, of course, 
provide the only problems; increased gas 
pressures would be required, thus adding 
to the problems of pressure vessel design, 
since the temperatures also would be 
increased. Alloy steels might be used but 
another solution would be an “ integral ” 
design in which the heat exchanger was 
contained within the pressure shell, so that 
the maximum temperature to which the 
shell was exposed was the lower gas 
temperature. 

Although conditions in the U.S. might 
favour the sodium graphite reactor, 
Britain’s programme would continue to 
be based on the gas-cooled reactor. 


The Economics and Design of the 
Blaenau Ffestiniog Pumped Storage 
Scheme. By E. S. Booth, M-Eng., 
M.I.Mech.E., M.I.E.E. (Chief Design 
and Construction Engineer C.E.G.B.)} 
and Geoffrey Kennedy, M.A., 
M.I.Mech.E., M.I.E.E. (Kennedy and 
Donkin). 


Operational requirements of _ this 
pumped storage scheme were fixed by the 
necessity of integrating it into the British 
generating system, and the scheme finally 
adopted provides for a capacity of 
300 MW with a daily output of 1.2 million 
kWh. Economics were assessed on the 
difference in overall costs of generation 
(for the whole system) between pumped 
storage and the equivalent amount of 
additional coal-fired plant, this equivalent 
being set at 360 MW to allow 6% for 
auxiliaries and for the difference between 
steam and hydro plant availability. 
Allowing for the lower capital cost, and 
the savings on “hot stand-by” steam 
plant, the saving in the first year of full 
operation was estimated at £207,000, after 
allowance was made for “ operational 
loss” in not providing new high-merit 
steam plant which would have replaced 
older, less efficient plant, on base-load 
operation. Towards the end of 15-20 
years this loss would have practically 
disappeared and the savings would 
increase to nearly £1,000,000/year. 


The Economics of Atomic Central 
District Heating Plants in Sweden. 
By S. Ekefalk, P. H. Margen, and 
T. Nyten. 


Sweden’s electricity requirements can 
be met for another 20 years by hydro 
power. Fossil fuels must be imported, 
but uranium ore is available and district 
heating appears to offer the most promis- 
ing applications at first. The paper 
describes the two plants originally’ planned 
—* Adam” at Vasteras. and R3 south 

H 
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of Stockholm. A recent decision, how- 
ever, provides for the merging of the two 
projects so that the economic break-even 
point for combined heating and electricity 
generation can be reached more quickly. 


U.S. Nuclear Power Generating Costs. 
By D. H. Stewart (Chief, Tech- 
nical Evaluations Section, Reactor 
Development Division, U.S.A.E.C.). 


Because of the disparity in finance 
charges between Britain and the U.S., the 
effect of capital costs, in relation to power 
charges, is much more important in the 
U.S. and may, in fact, determine the 
question of fuel enrichment. 

The question of capital costs, which 
have, upon occasion, been as high as 
twice the original estimate, is one which 
will have a very important effect on the 
development of the nuclear industry of 
the US. 

Methods of reducing costs suggested 
include the use of larger stations and the 
standardization of reactor components— 
designers have, hitherto, been too insistent 
that pumps, valves, control gear and fuel 
elements should be designed specially for 
each reactor. Operating experience, it is 
pointed out, will enable more confidence 
in design, and avoid excessive conserva- 
tion, as well as reducing complications. 
Reduction in costs of special safety con- 
siderations will come not from relaxation 
of safety requirements but from a more 
exact knowledge of what is likely to 
happen. Improvements in technology 
will result in higher efficiencies. Finally, 
on the operating side, the fuel Processing 
costs—at present a major item in the total 
fuel costs—might be reduced by cheaper 
fabrication techniques, increased produc- 
tion, and longer burn-up. 


Trends in the Design of Large British 
Nuclear Power Stations. By H. West, 
M.Sc., M.I.Mech.E., M.I.E.E. (Man- 
aging Director), and A. Se Shaw, 
A.H.W.C., A.M.LE.E. (Project 
Engineer, A.E.I.-John Thompson 
Nuclear Energy Co., Ltd.). 

This paper reviewed current trends 
from the point of view of short term 
design improvements and their economic 
importance. For the purpose of the 
paper, Berkeley, Bradwell and Hunters- 
ton were classed as Mark I stations, 
while Hinkley Point was regarded as a 
forerunner of the Mark II stations. 
Hinkley, it was pointed out, has a net 
electrical output some 66% higher than 
Bradwell, while using a pressure vessel 
of similar dimensions. 

Based on reasonable assumptions from 
various published data, it is shown that 
a typical Mark I station would have a 
specific capital cost of £145/kW, and a 
total power cost of 0.706d/kWh (includ- 
ing 0.061 credit for Pu). The corre- 
sponding figures for a coal-fired station 
would be £55/kW and 0.703d/kWh. 

For both Mark II and an intermediate 
(similar to Hinkley) the estimated cost 
was £125/kW and the power costs 
0.652d (Pu: 0.065d) for the intermediate 
station and 0.625d (Pu: 0.058d) for the 
Mark II. The corresponding costs for 


NUCLEAR ENGINEERING 


a steam station contemporary with the 
Mark II design would be £50/kW and 
0.719d/kWh. 

A review of some controversial design 
features in the four stations included 
core design, pumping power, pressure 
vessel, number of gas circuits, blower 
types and drives, main turbo sets, and 
type of erection crane. One interesting 
comment, in the section on pressure 
vessel design indicated that the additional 
tensile stresses due to its own weight 
could be almost eliminated with a 
cylinder, which could, therefore, be 
worked at a higher hoop stress and that 
to contain the same core, a sphere could 
actually cnly be worked at some 10-20% 
higher than the equivalent cylinder. 

It was concluded that the Mark II 
stations would be unlikely to show any 
spectacular improvements in performance 
over Hinkley Point. They would, rather, 
represent a stage of consolidation and 
general detailed design improvement. It 
was, however, emphasized that overall 
economic improvements do not have to 
be revolutionary to be worth while. 


Uranium Production in Canada. By 
R. E. Barrett (Manager, Ore Procure- 
ment Division) and A. Thunaes 
(Manager, Research and Develop- 
ment Division, Eldorado Mining and 
Refining, Ltd.). 

Canadian uranium ore reserves are 
sufficient for many years of production 
at the planned rate of 15,000 tons of 
U,O, per year. The 19 major uranium 
mines and milling plants are located in 
five mineral districts. Other areas are not 
likely to be developed until the market 
for uranium increases. 

The concentrating mills produce 
“ yellowcake,” some of which is refined, 
converted to green salt and reduced to 
metal in a plant at Port Hope, Ontario, 
where another plant fabricates fuel 
elements. Canada is also developing 
production of ceramic elements. 


The Development of Nuclear Energy in 
West Germany. By Prof. Dr.-Ing. 
K. Wirtz (Reactor Station Karlsruhe). 

Outlining the organization of nuclear 
research, the paper listed the following 
research reactors in service or under con- 
struction:— 

FRM, a 1-MW pool reactor at Munich 
(AMF Atomics); FRF, a 50-kKW water 
boiler at Frankfurt (Atomics Inter- 
national); FRH, a 5-MW pool reactor at 
Hamburg (Babcock and Wilcox U.S.A.); 
FRB, a 50-100-kW water boiler at Berlin 
(Atomics International); MERLIN-type 
5-MW reactor at Diiren (AEI-John 
Thompson); a 10-MW DIDO materials 
testing and research reactor at Diiren 
(Head Wrightston Processes); FR2, a 
12-MW NRX type reactor at Karlsruhe 
(Karlsruhe Reaktor Bau- und Betriets 
Gesellschaft m.b.H.). 

It had been necessary to import 
research reactors owing to the late start 
in the nuclear field that Germany had 
made, caused by restrictions on activities 
in this field up to 1955. The aim was, 
however, to produce power reactors, 
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largely with an eye to the export field. 
There was no particular incentive for 
embarking on a power programme for 
its own sake, and 4-5 different types of 
reactor in the 100-MW range were 
envisaged for development by 1965. Work 
was already proceeding on an advanced 
gas-cooled graphite-moderated reactor 
using natural U, a _ heavy’ water 
moderated and cooled reactor with 
natural U, a light water reactor with 
slight enrichment and a_high-tempera- 
ture gas-cooled reactor with enrichment. 
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Recent Developments in Nuclear 
Engineering. By Sir John Cockcroft. 
Before outlining the U.K. plans con- 
cerning an advanced gas-cooled reactor, 
a gas-cooled heavy-water moderated 
reactor and thermo-nuclear research, Sir 
John reviewed the operational experience 
that was now being built up in the world 
and which was made public at the recent 
Geneva conference. 

In summarizing the Calder experience 
(see also A. Conf.15/P/1522) it was stated 
that up to September, 1958, 938 million 
kWh, representing 67% load factor on 
No. 1 and 81% on No. 2, had been 
generated. In the first charge of No. 1 
only three fuel elements out of 10,000 
developed faults, and only one fault has 
been detected in the second charge. In 
the first charge of No. 2, four faulty 
elements have been identified and six 
channels have been discharged for 
inspection. The predominant cause of 
failure has been a weakness in the end- 
cap welds of the Magnox can. 

There is no automatic control of the 
reactors, but element temperature remains 
constant to within +1° C. Long-term 
spatial instabilities observed in some 
reactors caused by xenon build-up in 
areas of low power density and an 
increase in reactivity of high power 
areas have not been detected at Calder. 
The positive temperature coefficient for 
the moderator amounting to 4.10-5 in 
k/° C after an irradiation of 400 MWd/t 
and expected to reach a saturation figure 
of 15.10-5 gives rise to only a slow 
increase in power following a surge. 
With maximum coefficient doubling time 
for the step function is about two 
minutes, so should power level increase 
from 200 to 201 MW suddenly, without 
control rod adjustment, power would rise 
to 202 MW after two minutes and 
204 MW after four minutes. Such a 
change would normally be swamped in 
the continual small changes that an 
operator will be following. 





F.B.I. Nuclear Conference Report 

The full report of the conference on 
nuclear energy held by the Federation 
of British Industries at Eastbourne on 
April 10-12 has now been published. It 
is available from the Federation at 
21 Tothill Street, London, S.W.1, at 15s. 
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Central Electricity Generating Board are to 
apply for permission to build their sixth 
nuclear power station at Sizewell on the 
Suffolk coast. Initial rating will be 650 MW. 


World 


News 


International 


VOLUNTARY CONTRIBUTIONS to the 
I.A.E.A. amounted to $844,000 at the end 
of the Vienna Conference, to be compared 
with the planned total of $14 million. The 
amount is made up of $50,000 from Canada 
and a further $25,000 depending on the 
response of other countries; Japan, $20,000 
(provided the total of $14 million is reached); 
Norway, $7,000; United Arab Republic, 
$8,500 (in Egyptian pounds); France, 14.7 
million French francs; Denmark, $9,150; 
Brazil, $15,000; U.S.A., $500,000 outright 
(to be followed dollar for dollar after a 
total of one million is reached up to the 
target of $14 million); Portugal, $3,500; 
Nationalist China, $5,000; Federal Germany, 
$20,000; Pakistan, $8,000; United Kingdom, 
$125,000; Argentina, $6,000; Italy, $5,000; 
Mexico, $2,000; Belgium, $10,000; Czecho- 
slovakia, $14,000; Israel, $1,000. Appro- 
priation for administrative expenses, total 
for 1959 $54 million. After much discussion 
expenditure of $50,000 for scientific supplies 
and $400,000 for laboratory facilities 
was approved. 
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MOBILE LABORATORY was presented 
at the Vienna Conference by Mr. McCone 
for the U.S.A. to Mr. Stirling Cole, 
Director-General of the I.A.E.A. The 
laboratory, previously shown at the Geneva 
Exhibition, is designed for training scientists 
in the less-equipped countries in the use 
of radio-isotopes. Austria also presented 
Viennese number plates. 


FIRST REPORT of E.N.E.A., the Euro- 
pean Nuclear Energy Agency, was being 
presented to the consultative assembly of 
the Council of Europe at Strasbourg on 
October 15. The report summarizes the 
activities of the Agency during its first six 
months of operation; the Agency was 
founded on February 1 of this year. 
Included are statements concerning Euro- 
chemic, the agreement with Norway govern- 
ing joint operation of the Halden reactor 
and negotiations with the U.K.A.E.A. con- 
cerning the joint operation and construct‘on 
of the H.T.G.C. at Winfrith; safety and 
insurance regulations are also discussed. 





Destination Bradwell. A 106-ton steel girder built by J. S. Forster was transported from Tipton to 


Bradwell during October. 


104 ft long, it will form part of the travelling gantry for a charge machine in 


No. 1 reactor building. 





United Kingdom 


FIRST MAIN GANTRY for the charge 
and discharge machine at Bradwell was 
moved down by road to site at the beginning 
of Oct. and will be erected on the charge 
face shortly. At Bradwell four heat 
exchangers are already in position, the fifth 
is to be launched on Oct. 25 and the further 
seven for the two reactors will be completed 
by Head Wrightson at six-weekly intervals. 
On reactor number 1, work is beginning on 
the circumferential welds of the 4th (and 
central course) of the pressure vessel shell, 
the vertical welds for all courses now being 
complete. The top thermal shield is already 
finished and the top dome nears completion. 
Clean conditions have been established in 
the first three H.E.s, but tubing may be 
delayed so that all H.E.s can be tubed 
simultaneously. The turbine house is being 
sheeted and many of the steam circuits and 
water circuits are several months ahead of 
schedule. 

On reactor No. 2 the biological shield is 
complete and welding of the pressure vessel 
plates has begun. 

Civil engineering work has been greatly 
hampered by the wet summer so present 
state is especially gratifying. 


APPLICATION for consent to build their 
sixth nuclear power station at Sizewell, 
Suffolk, is being made by the Central Elec- 
tricity Generating Board. A 650 MW station 
is envisaged. The site area is mainly heath 
and woodland on the coast 14 miles east 
of the town of Leiston. Although compara- 
tively remote it is closer to a built-up area 
than any of the other stations in course of 
construction. 

The sub-soil at Sizewell is capable of sup- 
porting heavy reactors and cooling water will 
be taken from the deep water which is 
reasonably close inshore. The station will 
be connected to the 275 kV grid system by 
transmission lines running north of Leiston. 


ROUTEING INQUIRIES are being held 
over the proposal for an overhead cable to 
connect the France-England link-up, the 
Dungeness power station (should it be 
approved) with load centres in Kent. 
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PFC Tt ERs 


U.K. EXHIBITS at the Brussels Inter- 
national Fair have received much commenda- 
tion. Grands Prix, the highest awards in their 
particular classes, have been awarded to:— 
Babcock and Wilcox, B.E.A.M.A. (2), British 
Timken, Engineering Centre, Nuclear Power 
Plant Co., Standard Telephones and Cables, 
U.K.A.E.A. Diplomes d’Honneur_ were 
awarded to: B.E.A.M.A, (3), B.L.S.F., British 
Refrasil, Clarke Chapman, Darlington 
Chemicals, Engineering Centre (5), E.E.-B. 
and W.-T.W. Atomic Power Group. Gold 
medals were awarded to: Babcock and 
Wilcox (2), B.E.A.M.A. (2), Engineering 
Centre (5), English Electric, Standard Tele- 
phones and Cables, Thermotank. 


NATIONAL DISPOSAL SERVICE for 
radio-active waste was put forward by Mr. 
Burns of A.E.R.E. as a possible necessity 
in the future; the suggestion was made at a 
conference of the Institution of Biology. 
Although no major problem existed at the 
present time, some national scheme was likely 
to be necessary in the future. 


ANGLO-GERMAN AGREEMENT with- 
in the framework of Euratom has been 
drafted and submitted to Euratom for 
approval. It is expected that the agreement 
which would permit the sale of British 
power reactors to the Federal Republic 
would be signed within the next few weeks. 


FEARS OF RADIATION were classed 
as “ exaggerated ”’ by Sir Christopher Hinton 
chairman of the C.E.G.B. when addressing 
Westminster Medical School; comparisons 
were drawn with the casualties accepted by 
the coal gas industry. Dr. Hilberry of 
Argonne suggested at another meeting that 
the safest place in the world was on top of 
the Hanford piles. 


Czechoslovakia 


URANIUM CONCENTRATE has been 
offered to the I.A.E.A. by Czechoslovakia in 
addition to the services of experts on radio- 
isotope techniques, radioactive handling 
and medical research and £3,000 worth of 
special apparatus. 
strings. 


The offer is without 
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France 

NEW COMPANY formed by C.E.A. in 
association with a number of concerns includ- 
ing Ugine, Péchiney, Société Alsacienne de 
Construction Mécanique and named Société 
Francaise pour la Gestion des Brevets 
d’Application Nucléaire (Brevatome) will 
handle agreements concerning patents in the 
nuclear field. 


East Germany 

CENTRAL INSTITUTE of Nuclear 
Physics is not in Neubrandenburg as previ- 
ously reported, but in Rossendorf, near 
Dresden. The director of the Institute is 
Dr. Heinz Barwich. 


Federal Germany 

R.W.E. CONTRACT for 15-MW BWR 
has now been finalized. The contract is 
between International G.E. and A.E.G., the 
main contractors, and concerns the nuclear 
station to be situated at Kahl, near Frank- 
furt, and scheduled for operation in 1960. 
The reactor unit costing $34 million will 
deliver steam at 650 p.s.i.g. at the rate of 
232,000 Ib/h. It will be enclosed in a domed 
steel cylinder. 

SHIP REACTOR is to be ordered next 
year by Gesellschaft fiir Kernenergieverwe -- 
tung in Schiffbau und Schiffahrt B.m.b.H. 
after their 5-MW _ research reactor has 
become operational. The prototype plant of 
50-MW (t) capacity will be erected in Gees- 
thacht. Designs for a 45,000-ton nuclear 
tanker have been drawn up by Deutsche 
Werft A.G. 


PERMISSION TO BUILD FR-2 at Karls- 
ruhe has been granted to Kernreaktor Bau- 
und Betriebs G.m.b.H. 


Holland 


NUCLEAR STATION, probably of the 
Calder type, is likely to be built by the 
Provincial Electricity Co. in the north of 
the province of Gelderland. Although plans 
are by no means finalized, it is expected that 
the contract will come to the U.K. 
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Hungary’s first research reactor, supplied by the U.S.S.R., is due to go critical 
shortly. This photograph shows the laboratory building of the new research 
centre on Liberty Hill, Budapest. 


(Left) One of the prize-winning British exhibits at Brussels International Fair 
was this model of a Bradwell reactor shown by Nuclear Power Plant Co., Ltd. 


italy 


HEAVY WATER amounting to 10 tons 
has been delivered from the U.S. for the 
Ispra-1 reactor. Fuel will be obtained 
directly from the U.S. on authorization from 
Euratom which has not yet the necessary 
machinery in existence. 


NAUTILUS sub-polar voyage was 
described in detail by Commander Anderson 
at the sixth International Communications 
Convention held in Genoa on October 6-12. 
Photographs and films taken on the voyage 
were displayed. 


CNRN has placed a _ contract with 
General Dynamics for the installation of a 
TRIGA research reactor to be operated at 
a mean power level of 30 kW but with peak 
power of 100 kW. 


Japan 

COMPREHENSIVE U.K. TEAM from 
the English Electric-Babcock and Wilcox- 
Taylor Woodrow Atomic Power Group have 
been discussing in Japan their recent 
tender for a 150-MW gas-cooled graphite- 
moderated nuclear power station. It is 
generally believed that the contract for the 
Japan Atomic Power Company station will 
go to this group. 


Norway 


REPLACEMENT OF JEEP which has 
been in operation since 1951 has been 
authorized by the Joint Establishment for 
Nuclear Energy Research. New reactor will 
use slightly enriched uranium and _ heavy 
water, and is scheduled for completion in 
1960-61. 


Spain 

REQUEST TO JOIN E.N.E.A. has been 
made by Spain. An agreement is being 
worked out for participation in the 
European Nuclear Energy Agency’s pro- 
gramme, particularly in regard to 
Eurochemic. 
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South Africa 


DISCUSSIONS have been taking place 
between South Africa and Japan concern- 
ing the supply of uranium. The combined 
development agency has limited its demand 
to 6,200 tons a year but the potential produc- 
tion from the gold slimes is probably con- 
siderably in excess of this figure. 


COLLABORATION BETWEEN UNI- 
VERSITIES of Stellenbosch and Cape Town 
is proposed in a joint nuclear research 
institute costing £600,000, for which the 
Belville municipality has offered a site. The 
shortage of technically qualified people is 
a source of considerabie concern in the 
country. 


Switzerland 


URANIUM FINDS have been confirmed 
in the mountains of Valais. It is believed 
that there are two important strata con- 
taining workable mineral, and work is con- 
tinuing to determine whether economic 
extraction is practicable. 


REACTOR S.A.: The Government has 
asked the Federal Assembly to approve a 
grant of Sw. frs. 30 million to Reactor S.A. 
to enable the company to complete the con- 
struction of a heavy-water reactor and bring 
it into operation in 1959. The Government’s 
grant is on condition that it is given greater 
control over the activities of the company. 


SUISATOM A.G., after examining 
several sites, now proposes to build an 
underground nuclear power station at 
Bottstein-Mandach-Villigen near Zurich, at a 
cost of Sw. frs. 45 million. Suisatom are 
understood to be planning to instal a BWR 
made by General Electric, with an initial 
rating quoted at 16 MW rising to 27 MW 
at a later date. Construction is expected 
to start next year. 


U.S.A. 


AT OAK RIDGE a facility designed to 
demonstrate, on a pilot plant scale, process- 
ing of long-lived radioactive fission products. 


(Right) American Car Foundries, Inc., have been using this Kiwi-A reactor 
to investigate the possibility of powering a rocket with a nuclear fuel. The 
tests have been carried out at Nevada. 

(Below) Considerable interest was shown in the model of the 10 kW JASON 
research and training reactor shown by Hawker Siddeley at Geneva. The 
company hopes shortly to build the first reactor at Langley, Bucks, for 
demonstration to interested parties. 
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This unit comprising 18 hot cells began 
operation at the beginning of August. Total 
anticipated output is not stated but, on the 
basis of this production, significant price 
reductions to the five main radio-isotopes 
were made last April. Cost of the plant was 
around $24 million. 


ZIRCONIUM PRICES have been cut by 
Mallory-Sharon Metals Corp. Sponge and 
chunklets in quantities over 500 lb will now 
cost $6 and $6.25 per pound respectively. 
For quantities between 100 and 500 Ib the 
price per pound is $6.50 and $6.75. 


ORE RESERVES were estimated to total 
784 million tons at the end of June. Ore 
receipts at all plants covering the first six 
months of the year totalled nearly 24 million 
tons and a similar quantity was fed to the 
processing plants. Average grade of this 
was 0.26% U,O,. Nearly two million tons 
were held in stock at the end of June. 
Eighteen uranium processing mills are at 
present in operation, but several new plants 
are scheduled to go into production this 
year. 


POSTAL REGULATIONS for the trans- 
port of radio-active materials have recently 
been published. Maximum single quantities 
for radium or polonium are 0.1 me, for 
strontium-89, strontium-90 and barium-140 
the level is defined as five million d.p.s. and 
for all other materials as 50 million d.p.s. 


SEAWOLF the U.S. _nuclear-powered 
submarine remained submerged for 54 
days, President Eisenhower announced on 
October 1. The previous record, 31 days, 
was established by Skate. 


OAK RIDGE organized a_ two-day 
unclassified conference to review the A.E.C.'s 
gas-cooled power reactor programme on 
October 21 and 22. Representatives from 
the U.K. attended. 


CONTROL SYSTEM for the Triton has 
been shipped by Du Mont for testing on 
the land-based prototype at KAPL’s West 
Milton site. The source range channel and 
intermediate range channel are provided in 
duplicate and the power range channel uses 
a two out of three system. 
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99.97%, U238 can now be purchased from 
the A.E.C. Valuable for cross-section 
measurements and other physics experiments, 
the material is available as oxide, }{-in. 
cast rod or metal foil at a mean price of 
$16.50/g. 


THIRD SURFACE SHIP for the US. 
Navy powered by nuclear means—a frigate— 
is now under construction. The ship is 
scheduled for completion in 1962. 


SIMPLE 1-kW research reactor has been 
developed by Vitro Engineering. The reactor, 
which is claimed to be lower in cost than 
other similar units, is designed to be critical 
at temperatures below 65°F and sub-critical 
above this temperature. 


CONSTRUCTION PERMIT is to be 
issued by the A.E.C. to N.D.C.A. for a low- 
power research reactor at the company’s 
remote experiment station, Pauling, New 
York. The reactor is a heavy-water moder- 
ated tra‘ning and research unit, with a 
normal operational level of 5 W and a peak 
output of 100 W. 


ISOTOPE STANDARDS have been pro- 
duced by the National Bureau of Standards 
in co-operation with the A.E.C. Ten of 
these became available from the Bureau on 
October 1. A further five will be made avail- 
able later and will provide a complete range 
of U%35 content from 0.5 to 93% in a U,O, 
carrier. Charges range from $18 to $40 per 
unit. 


NEW HANFORD large-scale reactor is to 
be built by General Electric who carried out 
the preliminary reactor design and engineer- 
ing work. The plant is designed for the pro- 
duction of special nuclear materials with 
provision for conversion to power generation, 
should this be considered desirable at a later 
date. Estimated cost of the plant is $145 
million. 


CONFERENCE on gas electronics organ- 
ized by the U.S.S.R. Academy of Sciences 
was held in Moscow University at the begin- 
ning of October. Scientists attending the 


Conference included representatives from the 
U.S.A., the U.K. and China. 
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Orbits in Industry 


ENEVA is getting a bit threadbare as 

a topic of conversation. By now it 
is sufficiently remote for even the more 
senior types to have completed their 
expense accounts—and some of these, we 
shouldn’t wonder, will display more 
imagination, enterprise, and courage, than 
many of the technical papers. 

Before the topic is entirely discarded 
however, one would like to know how 
some of the authors feel about it, now 
that they have a chance to see it in 
perspective. Was it really worth all the 
“Sh-h-h-h! Keep it Dark!” business 
that has been going on behind the scenes 
for such a long time? It was all right 
for the head boys, whose papers were at 
least read (even if in abstract, and by 
somebody else) and who got their names 
in the programme. But what about the 
“bit players,” the ones who appear on 
theatrical posters as Full Supporting Cast, 
whose papers appeared on the pro- 
gramme as numbers only? Does no 
small doubt enter their mind that they 
might have done better for themselves 
(and, incidentally, for the cause of 
Science) by publication in the ordinary 
manner? Omar Khayyam might have 
been thinking of this very situation when 
he said:— 

** Ah, take the Cash, and let the Credit go, 

Nor heed the rumble of a distant Drum! ”’ 

All too often, the drum is so terribly 
distant. Many of the “ supporting” 
papers seem to be unobtainable even now 
and their authors remain “ mute 
inglorious Stiltons” as the poet has it 
(or was it Stillsons?). Maybe, again, all 
the people who write papers are a 
different race of beings indifferent to gold 
or deathless fame. In this case we salute 
them. We need more like them. 


Film Festival 

Tangent can hardly be called an earnest 
cinemagoer—not due to the lack of any 
appreciation of the film as an art-form, 
but rather because of it. Most of the 
films nowadays, if they are not about the 
war, seem to be the life-story of some 
character who should have been drowned 
in a bucket at birth anyway. That, how- 
ever, is (as usual) by the way. He is, 
however, a push-over for the technical 
film, believing that there are no bad 
documentaries, but some are better than 
others. Having missed the A.E.A. film 
showings at Geneva, it was good to be 
able to see three of them recently, “‘ More 
Power from the Atom,” “ Metals of the 
Nuclear Age” and “ Radioisotopes in 
Industry ” and to be able to place them 
all in the “ good” class. The A.E.A. now 
has 18 films, some of which have been 
designed for general release, but the 


majority meant for specialized—which 
does not necessarily mean highly tech- 
nical—audiences. 


Twisting the Tail 


Next to the traditional stepping on a 
rake in the dark, there are few things 
more disconcerting than the discrediting 
of a maxim that one practically learned 
at (or across) one’s mother’s knee. Ever 
since we were old enough to burn our 
baby fingers with a soldering iron, we 
were taught NEVER to depend on a 
twisted joint, although quite a lot of our 
joints took the familiar form of a ring of 
metal loosely cast around the wires. 
About five years ago, the Bell laboratories 
in the U.S. published a lot of material 
tending to show that if a joint were 
wrapped really tightly (by a power-driven 
chuck) it was not only as good as, but 
better than soldering. A summary of 
British work confirming this was included 
by Mr. J. K. Webb in his Chairman’s 
Address to the I.E.E. Measurement and 
Control Section. As it formed only a 
small portion of a very comprehensive 
address, no great amount of detail was 
included, but there seems little doubt that 
the faint feeling of dismay aroused by the 
announcement in 1953  was_ not 
unfounded. And—it took such a long 
time to learn to solder, too! 


Dounreay Transfigured 

Glancing the other day through one 
of the women’s magazines to which 
Co-tangent subscribes, it was a rude 
shock to discover that B.O. strip adver- 
tisements had invaded the atom world. 
It has often been suggested that some 
reactor projects stink, but the extension 
of this attribute to a research worker in 
a crisp white coat shakes our childish 
illusions to their very foundations. 
Happily, of course, the situation was 
saved by a kindly Personnel Officer, who 
(not being his Best Friend) tactfully told 
him about his Unforgivable Social Fault. 
He instantly bathed with the commodity 
in question, proposed to (not to be con- 
fused with the more usual “ making a 
proposition to”) his charming research 
colleague, and (presumably) lived happily 
ever after. 

What charmed us, however, about the 
strip was the way in which it took us 
behind the scenes in the atom industry, 
enabling us for once to see the real thing 
at close quarters. Leaving aside such 
trivialities at the Calder heat exchangers 
having moved to the Dounreay sphere 
(which dominated the landscape all the 
time), we never suspected that research 
workers had cardboard cartons labelled 
“ DANGER, NEUTRON” lying care- 
lessly about their laboratories—but, of 


course, they are perfectly capable of 
handling this dangerous substance. Nor 
did we ever realize that research workers 
had such large cars, such lush golf- 
courses (someone has been doing some 
landscape gardening since our last visit 
to Dounreay) or such touching faith in 
Personnel Officers (“* You personnel chaps 
know all about people”). One other 
surprise was also the size and style of 
the dining-room in the final (proposal) 
scene, which, with its orchestra, potted 
palms, silver champagne-bucket and 
gargantuan over-stuffed sofas, would have 
been a bit plush-lined for London’s West 
End. Then, of course, the solution 
occurred to us. It must have been the 
Senior Staff Canteen. 
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DR. FINAGLE’S LAWS—5 


Law of the Availability of Spares 


If the importance of any piece of 
equipment is proportional to €, the chance 
of a spare being found in the stores is 
proportional to 1/€", where n is known 
as the Stores Index, and is considerably 
greater than 1. 


Corollary I 


The chance of a failure of the piece 
of equipment in question is proportional 
to € 


Corollary Il 


The probability of making a lash-up 
repair is zero, for all values of €. 
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Froth-blowers? 


Anti-foaming agents are really intended 
for chemical processing, but the small 
sample of Midland Silicones’ new 
“Antifoam RD” recently received 
should come in handy for domestic pur- 
poses, particularly when Tangent has 
been lumbered with the washing-up and 
has (as usual) overdone the amount of 
“Splosh,” “Whoosh,” “Splurge” or 
whatever detergent happens to be the 
latest and best. It should at least save 
that peculiarly resilient mass of bubbles 
from having to be removed from the sink 
with a shovel. If, however, the manu- 
facturers feel that they could do with 
another sales outlet, could we suggest 
that it be made up in tablet form, as it 
is said to be non-poisonous? 
The label on the bottle 
would read something like, 
“The Editor’s Friend .. One 
tablet to be placed in the 
mouth every two hours, on 
press-days.” 
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Personal 


Appointments 


Sir Edwin Plowden has been reappointed 
chairman of the Atomic Energy Authority 
for a further period, ending on December 31, 
1959. Mr. W. Strath has been reappointed 
a member of the authority for a further 
period ending on October 16, 1959. 


D.. J. V. Dunworth as assistant director 
(reactors and_ general physics policy) 
A.E.R.E., Harwell. 

Mr. T. M. Fry succeeds Dr. Dunworth 
as head of the reactor division. Dr. P. C. 
Thonemann, head of the controlled thermo- 
nuclear reactions division at Harwell, has 
been granted a year’s leave of absence to 
undertake research work on plasma physics 
at the Institute for Advanced Studies, Prince- 
ton University, U.S. He leaves for the U.S. 
next March. In his absence Mr. R. S. Pease 
will assume responsibility for ZETA research 
work under the supervision of Mr. D. W. 
Fry, future director of Winfrith Heath. 


Dr. H. M. Finniston, head of the metal- 
lurgy division at MHarwell, leaves on 
January | to become a director of Nuclear 
Power Plant Co. He will take charge of 
N.P.P.C.’s nuclear research and development. 


Mr. Jose M. Otero Navascues, vice-presi- 
dent of Junta de Energia Nuclear (JEN), the 
Spanish A.E.C., became president on 
August 27. He succeeded General Vidal 
who resigned. 


Mr. Carlos Alfredo Bemardes (Brazil) as 
chairman of the board of governors of the 
International Atomic Energy Agency. Mr. 
Bernardes, who was unanimously elected, 
succeeds Dr. Pavel Winkler (Czechos!ovakia). 
Mr. Wilhe!m Billig (Poland) and Mr. Nazir 
Ahmad (Pakistan) as vice-chairmen. They 
succeed Mr. M. H. Wershof (Canada) and 
Mr. Hiroo Furuuchi (Japan). 


Mr. F. C, Lant as chief fuel engineer, 
Ministry of Power in succession to Rear- 
Admiral Sir Sydney O. Frew, who has retired. 
Mr. Lant has been deputy chief fuel engineer 
since 1951. 


Mr. H. H. Mullens, managing director of 
A. Reyrolle and Co., as chairman. He 
succeeds Sir Claude D. Gibb, who has relin- 
quished the chairmanship because of his 
many nuclear commitments. Sir Claude 
remains a director of the company. 


Mr. L. J. Greentand, chief designer and a 
director of H. M. Hobson, as a director of 
Integral. 


Mr. R. C. Odhams as engineering director 
of Constructors John Brown, 


Mr. W. H. Sharland, director of Powell 
Duffryn, as deputy chairman. Mr. Raymond 
Courtney Sa‘oway as a director. 
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Sir Edwin Plowden. 


Vice-Admiral Sir Frank Mason as a 
member of the Council for Scientific and 
Industrial Research. He became chairman 
of the Mechanical Engineering Research 
Board last June. 


Dr. Edwin R. Gaerttner as head and Dr. 
Max L. Yeater as associate head of the linear 
accelerator programme of Rensselaer Poly- 
technic Institute. 


Mr. H. S. “ Dick” Broom succeeds the 
late Mr. Harry S. Broom as chairman, Broom 


and Wade. Mr. C. Broom Smith as deputy 
chairman. Both remain joint managing 
directors. 


Mr. W. H. Stratford, superintendent of 
steel melting and Mr. R. W. Brocklehurst, 
superintendent, heavy forge production, as 
members of the board of English Steel Forge 
and Engineering Corporation. Mr. P. Turrell 
as assistant managing director of English 
Steel Rolling Mills Corporation. Mr. L. R. 
Evans, superintendent, foundries, as a 
member of the board of English Steel Casting 
Corporation and Mr. R. Fielding, super- 
intendent, spring production, as a member 
of the board of English Steel Spring 
Corporation. 


Mr. D. H. Plasterer, installation and 
service manager, as assistant chief of the 
new industrial applications division. Mr. H. 
Barton as senior engineer, Mr. Dominick 
Crupi as quality control engineer and Mr. 
Casimir Dudek as production engineer of 
Radiation Counter Laboratories. 


Mr. C. A. Henderson as general manager, 
Eutectic Welding Co. 


Mr. A. Tandy, British representative to 
Euratom, presented his letters of credence to 
the Commission in Brussels on October 1. 


Mr. Robert H. Dibb, succeeds Mr. John 
E. Braham, who has retired as engineering 
controller of I.C.I. 


Professor E. M. McMillan as director of 
the University of California’s radiation 
laboratory in succession to the late Dr. 
Ernest O. Lawrence. 


Mr. J. H. Proje as assistant manager of 
the Mechanical Handling Division of 
Babcock and Wilcox. 


Mr. W. J. Fleming as director of the 
associated companies division of Westing- 
house Electric. 


Mr. J. B. Jackson as divisional controller 
of the North Eastern Division of the Central 
Electricity Generating Board. 


Mr. R. J. Gres‘ey as chief engineer of 
the technical side of the power and distri- 
bution transformer division of Gresham 
Transformer Group. 


Dr. J. V. Dunworth. 
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Dr. H. M. Finniston. 


Mr. C. A. Bernardes. 


Mr. H. E. Cooper as managing director 
of G. A. Harvey and Co. Mr. Cooper was 
first appointed to the board in 1946. Mr. 
I. A. Marriott succeeds Mr. P. T. Bliss as 
sales director. Mr. Bliss, who has been 
with the company for 50 years, retires on 
December 31. 


Mr. C. M. Saunders as Midlands area 
manager of Rhodes Brydon Youatt. 


Following the death of Mr. E. B. Beck, 
the board of John Mowlem and Co. has 
made the following appointments: Sir 
George M. Burt, chairman; Mr. E. C. Beck, 
managing director; Mr. H. A. Henry, Mr. 
J. Westacott and Mr. W. G. Gove, 
directors. 


Mr. R. F. Harvey, export manager, as 
general sales manager (cables) of Telegraph 
Construction and Maintenance. Mr. E. H. 
Gos‘ing continues as home sales manager 
and Mr. J. L. Woollett, London branch 
manager is appointed export sales manager 
(cables). 


Dr. R. V. Hughes as general administrator 
of Ruston and Hornsby research centre. 
Previously he was chief projects engineer, 
Diesel engine division, English Electric. 


Mr. K. F. Crayford as sales manager of 
Mullard’s government and industrial valve 
division. 

Dr. Louis A. Turner as deputy director 
of the Argonne National Laboratory. Dr. 
R. H. Hi'debrand as associate laboratory 
director for high energy physics at the 
Argonne National Laboratory. 


Mr. Pressly H. McCance, former president 
of Duquesne Light Company as executive 
of Edwin L. Wiegand Company. 


Mr. R. W. Jeibart as sales manager of 
R. B. Pullin’s thermostat division. 


Dr. R. F. Webb, lecturer in natural sciences 
at Cambridge University, as a member of 
the research group of CIBA (A.R.L.). 


Mr. George Taylor as assistant general 
manager, Head Wrightson Steel Foundries. 


Mr. D. Hutton as assistant superintendent, 
switchgear dept., Mr. V. D. Swain as super- 
intendent, control dept., Mr. F. G. Rose as 
assistant superintendent, main production, 
and Mr. K. R. Johnston assistant superin- 
tendent, plant dept., Metropolitan Vickers 
Electrical Co. 

Mr. R. Turner as managing director of 
Johnson Matthey. 

Rear-Admiral W. F. B. Lane, D.S.C., as 
director of the newly formed marine engineer- 
ing division as part of a reorganization at 
the Admiralty. 

Mr. T. A. G. Madden as production, 
inspection and test inspector, C.E.G.B. Mr. 
R. Farral! as services engineer. 
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Sir lan Horobin, parliamentary secretary to 

the Minister of Fuel and Power, visited 

Argonne National Laboratory recently to 

study boiling water reactors for power 

production. He is shown here at the con- 
trol console of EBWR. 
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Retirements 


Mr. J. Foden, transmission engineer, North 
West, Merseyside and North Wales Division 
of the Central Electricity Generating Board 
retired on September 30. He has spent 50 
years in the electrical industry. 


Mr. R. F. Hatto, sales director of Wolf 
Electric Tools, retired on September 30. 


Dr. A. S. Maciellan, director, Mr. D. M. 
Cameron, secretary, and Mr. A. M. 
Henderson, works manager, are retiring from 
the board of William Beardmore. Mr. 
A. W. Ferguson, chief accountant, takes over 
M,. Cameron’s duties. 


Tours 


Mr. Lorne Gray, chairman, Atomic Energy 
of Canada, led a Canadian delegation on a 
tour of U.K.A.E.A. establishments during 
October. Other members of the party 
included: Mr. J. S. Duncan, chairman, 
Ontario Hydro; Mr. R. L. Hearn, director, 
A.E.C.L. and consultant to Ontario Hydro; 
Mr. H. A. Smith, deputy general manager, 
Ontario Hydro and manager of the nuclear 
power plant division, A.E.C.L., and Mr. 
J. S. Foster, deputy general manager of the 
nuclear power plant division, A.E.C.L. 
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Admiral Strauss, President Eisenhower’s 
adviser on the peaceful uses of atomic energy, 
and Mrs. Strauss spent several days in 
London during October. During his visit, 
Admiral Strauss lunched with the Prime 
Minister and Sir Edwin Plowden. 


Awards 


Sir John Cockcroft, member of the A.E.A, 
for research, was awarded the Nils Bohr 
gold medal for outstanding scientific achieve- 
ments in peaceful uses of nuclear energy. 
The medal was presented to Sir John by 
King Frederick at the Danish Civil Engineers’ 
Association building in Copenhagen on 
October 7. 


Obituary 


Nuclear Engineering records, with regret, 
the death of the following: — 

Mr. E. M. Johnson, consultant to the 
chief electrical engineer of Metropolitan- 
Vickers, on October 3. 

Mr. E. W. Steele, formerly director and 
general manager of works of Metropolitan- 
Vickers, on October 7. 


Mr. Ceci] C. Mason, director of Cambridge 
Instrument Co., at the age of 77. 


Industrial Notes 





Vitro Corporation and Rochester and 
Pittsburgh Coal Co., joint owners of Vitro 
Minerals Corporation, have entered into an 
agreement with the Susquehanna Corpora- 
tion of Chicago to combine their uranium 
interests in Wyoming. Susquehanna operates 
a uranium mill of 400 tons/day capacity in 
Edgemont and is building in Riverton a 
new mill and acid plant, with a 550-ton capa- 
city, but this is likely to be increased to 1,000 
tons/day under a proposed agreement with 
the A.E.C. Estimated ore reserves of Vitro 
in the Gas Hills area is placed at 911,000 
tons. 


Enfield Cables has received an order from 
the C.E.G.B. for the supply and installation 
of 4,500 yards of 275 kV gas compression 


cable for Hinkley Point nuclear power 
station. 
E.M.I. Electronics have received from 


U.K.A.E.A. a large order for the hand and 
clothing monitors recently introduced by the 
company. 


English Electric have supplied a Deuce 
digital computer to C.E.G.B. for system 
analysis and to evolve better methods of 
distribution. The computer which cost 
£49,000 is installed at the Bankside, London 
headquarters of C.E.G.B. 

The company has also received an order 
from the U.K.A.E.A.IG. for a ‘“ Deuce ” 
MK. 2 digital computer to be installed at the 
Capenhurst works. The machine will be 
delivered next March and will be used to 
study plant performance, production 
schedules and research. 


Central Electricity Authority’s tenth and 
final report—the Authority has now been 


reconstituted as the Electricity Council and 
the C.E.G.B.—showed a surplus of just over 
£16 million. Over 72 million units were sold 
in the last year, an increase of 7.6%. 
Average thermal efficiency has increased 
from 24.93% to 25.51%. 


Beyer Peacock and Co. of Gorton, 
Manchester, have acquired the whole of the 
ordinary share control of Air Control 
Installations. 


Dresser (Great Britain) has been formed by 
Dresser Industries of Dallas, Texas, to 
improve the company’s trading prospects in 
the Commonwealth and the Free Trade area. 
The company and its subsidiaries already 
have many licensing agreements with U.K. 
companies including Armstrong Siddeley, 
Ruston and Hornsby, Allen and McLellan, 
and Pulsometer. 


Associated Electrical Industries and W. T. 
Henley’s Telegraph Works have concluded 
negotiations to amalgamate the cable and 
other manufacturing resources of the two 
companies. 


Negretti and Zambra is acquiring the share 
capital of New Western (Engineering). New 
Western recently completed the installation 
of instrumentation for all the Calder reactors 
and secured orders for instrumenting the four 
Chapel Cross reactors. 


Compagnie Francaise d’Etudes et de Con- 
struction (Technip) is the name of a new 
company jointly formed by the Commissariat 
a l’Energie Atomique, the Institute Francaise 
du Petrole, the Societe Nationale des 
Petroles d’Acquitaine and the American 
Catalytic Construction Co. to design and 
supply nuclear oil and chemical plant. 


McKay Machine Co., of Youngstown, 
Ohio, Vickers-Armstrong (Engineers) and 
Rockwell Machine Too) are forming a new 
company called Vickers-McKay. The 
registered office is Vickers House, Broadway, 
Westminster, S.W.1. The company is to 
manufacture IicKay machinery at Vickers- 
Armstrong (Engineers) works. Sales will be 
handled by Rockwell Machine Tool. 


Ottermill Switchgear have moved their 
London office to 82 Victoria Street, London, 
S.W.1. Telephone: Abbey 5095-6. The 


company has recently opened new extensions 
to its Ottery St. Mary factory. 





Hawker Siddeley Nuclear Power Company 
recently took delivery of an EMI Emiac Il \ 
analogue computer for research purposes. 
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James Hodgkinson (Salford) have acquired 
Bennis Combustion and J. and J. Neil 
(Temple). 


John Turner and Co., 25 Collingwood 
Street, Newcastle upon Tyne, have been 
appointed agents for shaft seal equipment 
made by Flexibox. 


Solariron G.m.b.H.—the German company 
of Solartron Electronic Group—has moved 
to Bayerstrasse 13, Munich. 


British Insulated Callender’s Cables have 
moved their Worcester branch, under the 
management of Mr. H. Williams, to 
4 Charles Street, Worcester. Telephone: 
Worcester 2070. 


Birlec and Efco announce the formation 
of a new company to be called Birec-Efco 
(Melting), with offices near Birmingham, 
at Aldridge, Staffs. 


Drake and Gorham have acquired new 
premises at 68 St. Ann Street, Salisbury. 
Correspondence for the parent company 
should be addressed to the Salisbury office. 


Drake and Gorham (Contractors), have 
moved into the offices vacated by the parent 
company at 36 Grosvenor Gardens, London, 
S.W.1. Telephone: Sloane 0121. 


Consolidated Electrodynamics Corp., Pasa- 
dena, has formed a subsidiary for Western 
Europe and Great Britain with its head- 
quarters in Frankfurt/Main. (Weissfrau- 
enstr. 3) under A. W. Brandmaier, former 
director of the business branch of C.E.C. in 
Zurich. 


Interatom, Internationale Atomreaktorbau 
G.m.b.H., a subsidiary of Demag A.G., 
Duisburg, and Atomics International of Los 
Angeles, have raised their capital from 
100,000 DM to 6,000,000 DM. 


Koninklijke Machinefabriek Gebr. Stork 
and Co., N.V., of the Netherlands, have 
extended their collaboration with British 
Babcock and Wilcox to the production of 
nuclear reactors. Stork has already orders 
for the Dutch research reactor in Petten. 


Tudor Accumulator Co. and the D.P. 
Battery Co. are merging their activities. Mr. 
N. L. Howell, general manager of Tudor will 
succeed Mr. J. Nadin as chairman of D.P. 
on January 1. 


Acheson Industries (Europe), have moved 
their offices from 18 Pall Mall to 1 Finsbury 
Square, London, E.C.2. Telephone: Mon- 
arch 5811. 


Brochures and Catalogues 


The Nuclear Power Station.—Colourful booklet 
presenting a general background to the development 
of nuclear energy in Great Britain. Wakefie!d-Dick 
one Oils, Ltd., 67 Grosvenor Street, London, 


Cambridge Electrical Instruments.—List 163/1 
presents abridged specifications of the products of 
Cambridge Instrument Co., Ltd., 13 Grosvenor 
Piace, London, S.W.1, 


The Resources of Hawker Siddeley-John Brown 
Nuclear Construction.—36-page booklet describing 
the capability of these two groups of companies for 
the production of nuclear equipment. Hawker 
Siddeley-John Brown Nuclear Construction, Ltd., 4 
The Sanctuary, Westminster, London, S.W.1. 


E.M.I. Nuclear Health Instruments.—Six-colour 
folder describing the Type I hand and clothing 
monitor, E.M.I. Electronics, Ltd., Hayes, Middx. 


Hydraulic Clamping.—The Newton system ot 
clamping is outlined together with full details of 
pumps, cylinders and other hydraulic accessories 
available from Power Jacks, Ltd., May!ands Avenue, 
Hemel Hempstead, Herts. 


K.S.B. Export.—Comprehensive summary of the 
most frequently used pumps, compressors and valves 
made by K.S.B. Export G.m.b.H., Frankenthal, 
Germany. 
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Films 


An Introduction to Modern Gears.—This, the 
latest Shell-Mex and B.P. film, was planned as a 
training aid: its appearance coincided with the 
recent International Conference on Gearing at the 
Institution of Mechanical Engineers in London. 
Running for 30 minutes in both 35-mm. and 16-mm. 
gauge, the film describes the different types of 
gears, principles of design, methods of cutting and 
generating teeth, lubrication and operational testing 
and research. Copies are available on application 
to any local office of Shell-Mex and B.P., Ltd. 


More Power from the Atom. Atomic Energy 
Authority colour film showing the progress towards 
the British power programme. In addition to 
Calder and Chapelcross, the C.E.G.B. stations at 
Bradwell, Berkeley, and Hinkley Point, and the 
S.S.E.B. station at Hunterston are shown in con- 
struction, as well as the Dounreay fast reactor. 
Reference is also made to the possibilities of fusion. 
Produced by Ace Distributors, Ltd. 


Metals of the Nuclear Age. A.E.A. colour film 
showing some of the research work in progress on 
metals from plutonium to zirconium. Produced by 
the Film Producers Guild. 


Meetings 


November 4—Institution of Electrical Engineers 
(The Institution of Engineers and Shipbuilders, 
39 Elmbank Crescent, Glasgow, C.2). ‘* A Basic 
Transistor Circuit for the Construction of Digital- 
computing Systems,” P. L. Cloot. 


November 4—Institution of Electrical Engineers. 
** Operating Experience with a Transistor Digital 
Computer,’”” R. C. M. Barnes and J. H. Stephen. 


November 4—Institution of Marine Engineers 
(College of Technology, Belfast). ‘* Nuclear Steam 
Propulsion for Merchant Ships,"” W. R. Wootton. 


November 5—Institution of Electrica] Engineers 
(Carlton Hotel, North’ Bridge, Edinburgh). 
** Operating Experience with a Transistor Digital 
Computer,”” R. C. M, Barnes and J, H. Stephen. 


November 13—Institution of Electrical Engineers 
(in conjunction with the British Nuclear Energy 
Conference). “* Electrification of the U.K.A.E.A. 
Industrial Group Factories,”” J. W. Binns and W. J. 
Outram. 


November 13—I.0. Welding—S.L. Branch (54 
Princes Gate, S.W.7). “Welding and Brittle 
Fracture,” W. D. Biggs. 


November 17—Institution of Electrical Engineers 
(joint meeting with the Eastern branch of the Insti- 
tution of Mechanical Engineers at the Technical 
College, Cambridge). “The Zeta Reactor,” R. 
Carruthers. 


November 18—Institution of Electrical Engineers 
(C.E.G.B. Offices, 1 Whitehall Road, Leeds). 
** Electrification of the U.K.A.E.A. Industrial Group 
Factories,” J. W. Binns and W. J. Outram. 


November 19.—I.0. Welding—N.L. Branch (54 
Princes Gate, S.W.7). ** Fabrication of Sheet 
Metal Using Argon Arc Spot Welding Process,” 
F. W. Copleston. 


November 21—Institution of Electrical Engineers 
(joint meeting with the Midlands Assn. of the 


Versil Glass-fibre Thermal Insulation.—An_ insu- 
lating material offering high efficiency and long life 
which is already extensively used in A.E.A. estab- 
lishments. Versil, Ltd., Rayner Mills, Liversedge, 
Yorkshire. 

Bowthorpe Linesmen’s Tools.—Specialized equip- 
ment manufactured by Bowthorpe Electric Co., Ltd., 
Gatwick Road, Crawley, Sussex. 


Sperry A.C. Inductive Pick-offs.—Differentia! 
reluctance transformers producing an A.C. voltage 
directly proportional to the mechanical disp'acement 
of a moving element. Sperry Gyroscope Co., Ltd., 
Great West Road, Brentford, Middx. 


Ferranti Pegasus Computer.—Description of the 
computer with magnetic tape equipment. Ferranti, 
Ltd., Hollinwood, Lancs. 

Hellermann Binding System.—Method of binding 
cables by fitting an elastic sleeve under tension. 
Hellermann, Ltd., Crawley, Sussex. 


Paterson Hughes Goods Handling Schemes.—Part 
I of a new catalogue describes some of the many 
conveyor systems offered by Paterson Hughes Engin- 
eering Co., Ltd., Wynford Works, Maryhill, 
Glasgow. 

Chemical Descaling.—Removal of water, oil and 
chemical deposits. General Descaling Co., Ltd., 
Worksop, Notts. 
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Radioisotopes in Industry. A.E.A. colour film 
which shows the wide range of applications of 
isotopes, from the more common thickness gaugirg 
of strip metals, etc., to horticultural work, and the 
use of labelled compounds for purposes as diverse 
as the tidal movements of Thames mud, the evalua- 
tion of mixing technique for sands used in glass- 
making, and the calibration of sewage-flow meters. 
Produced by the Film Producers Guild. 

The above films are obtainable on loan from 
the Atomic Energy Authority, Charles II St, 
London, W.1. 


Nickel Alloy Permanent Magnets. Co!our film 
(16 mm) produced by the Mond Nickel Co., Ltd., 
showing the advances that nickel alloys have made 
possible in the design and application of permanent 
magnets. 


Sphero‘dal Graphite Cast Iron. Colour film 
(16 mm) produced by the Mond Nickel Co., Ltd., 
a revised edition of the original film on the 
properties and application of this material. 

The above films are available on loan from the 
Publicity Dept., Mond Nickel Co., Ltd., Thames 
House, Millbank, London, SWI. 


Institution of Civil Engineers and The Institution of 
Mechanical Engineers at the Midland Institute, 
Birmingham). ‘‘ Operational Experience at Calder 
Hall,” K. L. Stretch. Admission by ticket. 
November 24—Institution of Marine Engineers 
(Smith’s Assembly Rooms, Bath). *‘* Nuclear Steam 
Propulsion for Merchant Ships,”"” W. R. Wootton. 


November 25—Institution of Electrical Engineers 
(Brangwyn Hall, Swansea). Faraday Lecture on 
** Automation,’” H. A. Thomas. 

November 25—The British Institution of Radio 
Engineers (School of Management Studies, Unity 
Street, Bristol, 1). ‘Electronic Transducers,” 
G. F. N. Knewstub. 

November 25—Institution of Chemical Engineers 
(North-Western Branch, Birkenhead Technical 
College). * Pollution Law and the Chemical 
Engineer,” R. R. Ferner. 

November 25—Institution of Electrical Engineers 
(joint meeting of the Education Discussion Circle 
and the Yorkshire Branch of the Institution of 
Mech. Engineers, Bradford Institute of Technology). 
Discussion on ** The Teaching of Nuclear Engineer- 
ing for Power Generation,” opened by A. D. 
Collop. 

November 26—Institution of Electrical Engineers 
(R.A.E. Technical College, Farnborough). ‘* Opera- 
tional Experience at Calder Hall,’’ K. L. Stretch. 

November 26—lInstitution of Marine Engineers 
(Memorial Building, 76 Mark Lane, London, E.C.3). 
Sir Charles Parsons Memorial Lecture, 1958: 
‘Recent Advances in Nuclear Engineering,” 
Sir John D. Cockcroft. 

November 26—Institution of Electrical Engineers 
(joint meeting with the Rugby Graduate and Student 
Section, Rugby College of Technology and Arts). 
** Thermo-nuclear Reactions,” S. Kaufman. 

November 27—Institution of Electrical Engineers 
(Colston Hall, Bristol). ** Automation,”” Faraday 
lecture, H. A. Thomas. 


Canadair in the Field of Nucleonics.—Nuc!ear 
Division of Canadair has already completed severai 
interesting nuclear contracts, most of which are 
described in this booklet. Canadair, Ltd., P.O. 
Box 6087, Montreal, P.Q., Canada. 


Klaxon Fractional H.P. Motors.—Series of book- 
lets describing the range of special purpose electric 
motors made by Klaxon, Ltd., 49 Upper Brook 
Street, London, W.1. 


Thermo-control Catalogue.—Details of various 
control svstems evolved by Thermocontrol Inst. Co., 
Ltd., London, S.E.1. 


A Year of Progress.—Mainly pictorial survey of 
the first year’s work on the 300 MW nuclear station 
at Bradwell. Nuclear Power Plant Co., Ltd., 
Booths Hall, Knutsford, Cheshire. 


Platinum Metals Review.—The October, 1958 issue 
contains articles on the use of platinum in increas- 
ing the acid resistance of stainless stee] and the care 
of platinum thermo-couples. Johnson, Matthey and 
Co., Ltd., 78 Hatton Garden, London, E.C.1. 


British Chemical Plant Manufac‘ure:s Association. 
—Brochure describing the services available to 
chemical plant manufacturers and users. B.C.P.M.A., 
14 Suffolk Street, London, S.W.1. 





Handbook of the Atomic Energy 
Industry. Edited by S. Jefferson, 
B.Sc., A.C.G.I. (270 pp., George 


Newnes, Ltd., 35s. net.) 


The expression “ birds-eye view” has 
been used so often that one hesitates to 
use it except when, as in the present 
instance, it appears inevitable. The task 
of giving the background to nuclear 
energy in the short space of a book this 
size is by no means easy, and the editor 
and his 12 contributors have taken a 
great deal of trouble to make its 19 
sections as representative as space will 
allow. Subjects covered include, in addi- 
tion to a list of atomic energy authorities 
throughout the world, education and 
training within the A.E.A., a brief review 
of the development of nuclear energy, 
atomic structure, nuclear fuels and reac- 
tors. Sections on the possibilities of 
nuclear propulsion for marine and aerial 
use, are followed by basic reactor 
physics, nuclear materials (including 
metals and moderators) and nuclear 
research machines. (This last section, 
incidentally, appears to be over-condensed 
and could, with profit, be enlarged.) Three 
sections are devoted to isotopes, including 
their use in industry and in biology and 
agriculture. 

Radiation hazards and_ protection, 
radiation detectors, the handling of iso- 
topes, and radioactive waste disposal 
complete the volume, which is adequately 
indexed. 


Radiation Hazards and Protection. By 
D. E. Barnes, G.M.,  B.Sc., 
A.M.LE.E., A.Inst.P., and Denis 
Taylor, M.Sc., Ph.D., M.LE.E., 
F.Inst.P. (178 pp., 59 illus. George 
Newnes, Ltd. 30s. net.) 


This book presents a comprehensive 
survey of a subject on which, hitherto, 
information has been generally rather 
diffuse, and it covers the ground in a 
thorough and workmanlike fashion, right 
from the nature and properties of radia- 
tion, its units, and its effects on the 
human system. The “standard man” is 
defined and permissible doses are laid 
down, as well as the relationship between 
flux and dose rates, and the difference 
between dose-rates from activity deposited 
in tissue and dose-rate from an infinite 
plane Radiation measurement and _ its 
instrumentation are very thoroughly 
covered, several chapters being devoted 
to various aspects such as air sampling, 
biological monitoring, surface contamina- 
tion, etc., as well as the fundamentals 
of instrumentation. Shielding design, 
personal protection, and laboratory design 
are not overlooked, nor are radioassay, 
waste disposal, and transport of radio- 
active material and the legal aspects, and 
radiation from nuclear weapons. 

The authors themselves point out that 
there is a certain amount of overlapping 
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between sections; this has been deliber- 
ately done so that any chapter contains 
all the relevant information on_ the 
subject. Constants and formule, a 
bibliography, and an index are included. 


Radiation Counters and Detectors. By 
C. C. H. Washtell. (115 pages, 52 
illus. George Newnes, Ltd., 21s. net.) 

This volume will be welcomed by 
those who are searching for the basic 
principles and general background of the 
subject, such as those working with 
isotopes for the first time. Commencing 
with a short historical survey, it passes 
on to deal simply and briefly with the 
atom structure. On radiation detectors 
it explains the elementary theory of gas- 
filled counters and ionization, Geiger 
action, counting and integrating ionization 
chambers, the next chapter being devoted 
to Geiger tubes proper, with types of 
quenching, construction, and tables of 
commercial types of tube. Other types 
of detector based on ion collection, such 
as proportional counters, ionization 
chambers and spark counters § are 
reviewed, followed by methods of detec- 
tion not based on ion collection, inclu- 
ding cloud chambers, and scintillation 
counters, with their associated photo- 
multipliers. Finally, there is a short 
chapter on dosimetry. 

The treatment throughout is simple 
and straightforward without the mathe- 
matical treatment which, however 
valuable it may be to the advanced tech- 
nologist, usually succeeds in confusing 
the type of reader which the author has 
in mind. 


Nuclear Reactors for Power Generation. 
Edited by E. Openshaw Taylor, 
B.Sc., D.I.C., M.LE.E. (144 pp., 51 
illus., George Newnes, Ltd., 21s. net). 


This book is based on a series of 
advanced lecture courses delivered at the 
Heriot-Watt College, Edinburgh, intended 
primarily for engineers who will be 
closely associated with the building and 
operation of nuclear power stations, with- 
out necessarily being responsible for their 
design. An introductory section deals 
with world fuel problems and estimates 
of energy requirements, this, and sub- 
sequent sections, being the work of a 
number of specialist contributors. Other 
sections cover nuclear physics, types of 
reactors, materials, the phvsical basis of 
reactor design, safety and instrumenta- 
tion, application and economics. 

The book does not, however, live up to 
the promise of its title, in that it is not 
sufficiently practical. The chapter on 
physical basis of design, for example, is 
excellent so far as it goes, but it does not 
go nearly far enough, no attempt being 
made to provide a chapter on the prac- 
tical aspects or optimization of a design. 
One gets, in fact, the impression of a 
book that has been too long in produc- 
tion. Had it appeared, savy, two years 
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ago, it would have been of real value; it 
can still do good service for students 
requiring a skeleton introduction to the 
subject. 


Disposal of Radioactive Waste. By K. 
Saddington, M.Sc., F.R.I.C., and 
W. L. Templeton, B.Sc., M.I.Biol. 
(102 pp., 24 illus. George Newnes, 
Ltd. 17s. 6d. net.) 

Since both authors hold appointments 
with the U.K.A.E.A. (at Windscale) they 
are in a position to speak with authority 
on a subject which is likely to prove 
increasingly important. In addition to 
the basic principles on which safe limits 
of activity are laid down, it reviews 
methods which have been successfully 
developed to deal with all types of waste, 
and the methods which will probably be 
used for coping with future problems. 
The reader with a general interest in 
nuclear matters will find this book as 
interesting as will those actually involved 
in disposal problems, including sanitary 
engineers. 


Chancen in der Atomwirtschaft (Oppor- 
tunities in the Atomic Industry). By 
H. Hardung-Hardung. (341 pp. 
Econ Verlag, G.m.b.H., Dusseldorf.) 
Dr. Hardung-Hardung, a_ physicist 
who was a delegate at the 1955 Con- 
ference of the United Nations in Geneva 
and is now with Degussa, working on 
nuclear fuels, has written this book, 
showing the impact of the industry in 
nearly every field, so that anyone toying 
with the idea of entering the atom 
industry can find out for himself what 
particular field he might be interested in. 
In simple language he tells what is 
meant by atomic industry and what train- 
ing is needed (chapters 1 and 2); fission, 
how reactors are planned and built, radio 
chemistry and the market for its pro- 
ducts, what materials are used (chapters 
3 to 6). Methods of producing the 
materials required, and testing, occupy 
chapters 7 and 8 and other requirements 
for research and production are dealt with 
in chapter 9. Finally, on literature 
(chapter 10), he quotes from an American 
source that in publications about uranium 
alone during the past three years seven 
times as much paper has been used as for 
the whole steel industry. There are 30 
many problems for the physicist, the 
chemist, the engineer, the economist, the 
lawyer, so many publications in special- 
ized fields in 45 periodicals alone 
—apart from the thousands of manu- 
scripts published in connection with 
U.N. conferences—that literary work 
seems to be one of the great opportunities 
opened up by the atom. The patent 
literature receives special mention as still 
lacking systematic compilation, The 
book contains a seven-page index of 
relevant works (mainly German), a list 
of 11 periodicals and a satisfactory 
subject-matter index. 
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For further information on any item 
please enter the relevant number on 
the Reader Service Card enclosed with 
this issue and forward the card to the 
address given. 





Handling Hot Calder Elements 


Two power-operated manipulators for 
transferring spent Calder fuel elements from 
the discharge baskets to skips are being 
installed in a new fuel-element storage pond 
at Windscale. The manipulators have been 
built by Savage and Parsons for the Industrial 
Branch of U.K.A.E.A. The new pond is 
large enough to handle all the spent fuel 
elements from existing and future Calder 
reactors. 

As most readers are aware spent Calder 
elements—each 43 in. long, over 2 in. in 
diameter and weighing 33 Ib—are removed 
from the reactor by discharge machines 
which load 24 elements into a basket. Sub- 
sequently each basket is lowered from the 
discharge floor to a lead coffin on a lorry 
for removal to the pond. 

At the pond the two manipulators will 
transfer the elements from the basket into 
rail-borne skips. The skips are submerged 
for periods of up to six months to allow 
short-lived activity to decay. Each mani- 
pulator is intended to handle up to 30,000 
elements a year. The actual operation of 
transferring the contents of a basket to a 
skip will take approximately 30 minutes. 

Each wall-mounted manipulator comprises 
a single vertical telescopic arm with shoulder, 
elbow and wrist movements, power-operated 
from a remote control unit. To carry out 
the transferring operation, the manipulator 
has been designed with five distinct move- 
ments: (a) the complete arm can be raised 
and lowered a maximum of 15°, pivoting 
at the mounting position, in a plane at right 
angles to the wall; (b) the arm can be 
extended from 11 ft 9 in. to a maximum of 
18 ft 9 in.; (c) the forearm can be moved 
20° horizontally from the elbow in the same 
plane as the wall; (d) the jaws can be moved 
vertically from the wrist—a maximum of 
90°—in a plane at right angles to the wall; 





Novel control desk devised by Savage and Parsons 
for continuous operation without discomfort. 


Head of one of the mani- 
pulators developed by 
Savage and Parsons for 
handling Calder fuel ele- 
ments. The gearing is 
normally protected by 
aluminium casings. 


(Below) The complete 
manipulator is wall- 
mounted : the arm can be 
extended up to 7 ft from 
the fully closed position. 








and, (e) the jaws can be opened and closed. 

Controls for the manipulator are housed 
in a box with handlebars, somewhat similar 
to the steering column of a motorcycle, The 
operator sits at a metal desk with the control 
box, which is mounted on gimbals, projecting 
6 in. above the desk top. Movements of 
the manipulator arm and jaws can be 
observed through a zinc bromide window in 
the 5-ft thick shielding wall built round 
the pond. In siting the controls care has 
been taken to ensure comfortable working 
conditions for the operator during the con- 
tinuous shift: by resting his elbows on the 
desk top he can hold the handlebars without 
strain. The manipulator arm is moved away 





or towards the wall by pushing or pulling 
the control box, and the left and right move- 
ment of the forearm of the manipulator in 
the horizontal plane is obtained by pushing 
the control box sideways. The action is 
similar to that of an aircraft joystick, the 
operator merely pushing the control box in 
the required direction against the slight force 
exerted by the spring mountings. Independent 
vertical movement of the wrist is obtained 
by rotation of the hand grips, and the jaws 
are opened and closed by a lever—similar to 
a motorcycle clutch—mounted on each of 
the grips which facilitates one-handed con- 
trol. Two pedals control the telescoping. 

These slight movements operate variable 
transformers supplying one of the phases of 
two-phase squirrel-cage induction-type 
motors driving through a composite gearbox. 
The gear ratio from motor to manipulator 
movement is 3,000: 1. It is not possible, 
however, to compare the movements of con- 
trol and manipulator as a positional move- 
ment of the control results in the manipulator 
moving at a corresponding speed, not in it 
taking up a corresponding position. 

All the drives are taken through the 
shielding wall as shaft rotations, to facilitate 
shielding and sealing, and the electrical com- 
ponents are sited on the control side so that 
they are easily accessible for maintenance 
and servicing. In case of power failure, 
provision is made for each movement of the 
manipulators to be operated mechanically. 

The main arm of the manipulator is made 
of high-duty aluminium alloys so that the 
weight is kept to the minimum consistent 
with the required rigidity, and to ensure that 
corrosion resistance of a high order is 
obtained in the moisture-laden atmosphere 
of the pond. Molybdenum disulphide 
lubricated bearings are used throughout the 
apparatus on the hot side of the wall and 
the mating surfaces are of stainless steel and 
phosphor bronze. 

(Savage 
Herts.) 
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New isotope container by Gammax. 


Carrying Isotopes 

The new isotope containers recently intro- 
duced by Gammax have been designed on 
geometric principles to give adequate pro- 
tection without surplus weight and also for 
foolproof operation in difficult conditions on 
site or in the factory. 

The shape of the container is such that 
it is impossible to mistake the open for the 
closed position. The source is, at all times, 
completely protected from corrosion or 
damage. Using double wall technique it can 
be placed about } in. from the specimen. 
The base of the container is shod with a 
heavy-duty ribbed rubber to prevent slip- 
ping. For open source techniques a simple 
lightweight handling rod with non-metallic 
handle is available. 

The container is made in two sizes. The first 
is for iridium-192 or thulium-170. Loaded 
with 3 curies of iridium (with a permissible 
dose rate of 7.5 mr/h at 1 metre) the con- 
tainer weighs only 74 lb, making it particu- 
larly suitable for site work. A lead-lined box 
gives extra protection for transport. 

The second container is constructed on the 
same principle as the first except that the 
minimum thickness of lead is 13 in. and 
the total weight is just less than 20 lb. This 
container, which will shield about 35 curies 
of iridium-192 or 4 curies of caesium-137 to a 
level of 7.5 mr/h, is more suitable for factory 
use. A spare source holder is supplied with 
each container for the benefit of users who 
have their sources loaded for them. 

(Gammax, Ltd., Cecil House, 47/51 W harf- 
dale Road, London, N.1.) 
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Impermeable Graphite 


Graphite which is completely impermeable 
to gases and highly resistant to gaseous 
corrosion has been developed for nuclear 
applications by the G.E.C. research 
laboratories. 

A completely impermeable graphite could 
have quite novel applications in reactor 
technology, and could also prove attractive 
for use in carbon dioxide, water, sodium and 
hydrogen-cooled reactors. For example, it 
might be possible to take advantage of the 
low neutron absorption and extreme heat 
resistance of graphite and use it as a canning 
material in place of magnox, beryllium or 
stainless steel. The brittle nature of graphite 
could well be a limiting factor, but current 
research work by G.E.C. is exploring the 
mechanical properties of graphites under 
nuclear radiation. 

The G.E.C. 


research laboratories are 
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undertaking two development programmes: 
one to reduce the permeability of existing 
moderator graphites by an impregnation 
process, and the other to manufacture a 
completely impermeable material. In the 
latter case it has been found necessary to 
abandon the existing process for making 
graphites and the carbon atoms are built up 
in an entirely novel fashion. The first 
process has resulted in considerable reduc- 
tons of the permeability of existing graphites 
and a millionfold improvement has been 
found possible. In spite of this improve- 
ment, however, gas can still enter the interior 
of this graphite. The totally impermeable 
material, on the other hand, behaves like a 
metal and has a gas displacement corres- 
ponding to the geometrical volume of the 
specimen, i.e., gas does not have access to 
the interior. 

At the recent exhibition in Geneva G.E.C. 
featured a tubular graphite element heated 
by the passage of an electric current. The 
temperature was maintained at slightly below 
600° C. Although the interior of the speci- 
men was pressurized (10 at.) with carbon 
dioxide, and the exterior was maintained in 
a vacuum, there was no leakage. 

(General Electric Co.,  Ltd., 
House, Kingsway, London, W.C.2.) 
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Pulse Height Analyser 


Sunvic Controls introduced a prototype 
pulse height analyser at the Atoms for Peace 
exhibition in Geneva. The instrument can be 
in the form of a desk type console measuring 
62 in. by 29 in. by 40 in., approximately, or 
as one 6 ft or two 2 ft 6 in. standard racks 
with display units at the top. Totals can be 
displayed in analogue form on a C.R.T., read 
in decimal form on dekatron counters or 
automatically printed out. A ferrite core 
storage matrix provides 100 channels each 
with a maximum capacity of 16 binary digits 
(a decimal count of 65,535). The measure- 
ment range is 10 V with a channel width of 
100 mV. Minimum pulse amplitude which 
can be measured is approximately 0.75V. 

When totals are displayed on the C.R.T. 
the six most significant digits are given in 


Machining a magazine for 
storing cobalt specimens 
on a Société Genevoise 
jig borer at the works of 
Moores (Bournemouth). 
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analogue form, horizontal deflection being 
proportional to channel number and vertical 
deflection to the counts in each channel. 
When the dekatron indicators are used, any 
given channel can be selected or alternatively 
the instrument will read each channel in turn. 
The analyser is largely transistorized, with 
unit construction, interconnections being by 
multicore cables with plugs and sockets. 

(Sunvic Controls, Ltd., 10 Essex Street, 
London, W.C.2.) 
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Intricate Machining 


A reputation for handling unusual 
machining problems quickly and efficiently 
has enabled Moores of Bournemouth to 
expand considerably their facilities for pro- 
totype engineering in the past few years. 
Because of the high quality of the company’s 
work many machining contracts have teen 
placed with Moores by various U.K.A.E.A. 
divisions. 

Recently, for example, Isotopes Division, 
A.E.R.E., Harwell, asked the company to 
machine a magazine for storing cobalt speci- 
mens. As the unit was designed for auto- 
matic indexing, very close tolerances were 
stipulated. 

Starting with a solid aluminium billet some 
15-in. high by 133-in. diameter, Moores 
machined out an internal diameter of 8 in. 
Eight bevelled steps each at a true angle of 
45° to the vertical plane were machined on 
the circumference of the billet. Then 
followed the most delicate operation: the 
provision of 375 }-in. dia bores each at an 
angle of 45° to the vertical. Five machining 
operations were necessary to complete each 
bore. To add further to the task the speci- 
fication called for a small diameter hole and 
slot adjacent to each in. bore. Provision 
was also made for 13 2-in. dia bores at the 
top of the magazine. 

In spite of the high accuracy required and 
the complexity of the job, Moores finished it 
within three weeks. Machining was carried 
out on a Société Genevoise jig borer. 

(Moores (Bournemouth) Ltd., Wallisdown 
Road, Bou-nemouth.) 
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Eyes for PLUTO 


A high definition closed 
system has been built for 
research reactor at Harwell by E.M.I. 
Electronics. The system is intended for 
periodic examination only and does not use 
stabilized lenses. 

The cylindrical camera unit, which is only 
3 in. in diameter and is approximately 48 in. 
long, is constructed so that it can be 
lowered through an inspection cover directly 
into the heavy water. A transparent tube 


circuit TV 
the PLUTO 


encases it to afford protection. It can be 
handled soon after removal from _ the 
reactor. 


A remotely-controlled mirror mounted in 
front of the lens enables the operator to 
view all parts of the interior of the reactor, 
which has_ been _ specially illuminated. 
Switched scan reversal circuits have been 
incorporated in the camera control unit to 
compensate for reversal of the mirror’s 
reflection. The channel works on the 625- 
line system, and employs. the latest 
construction techniques. 

(E.M.1. Electronics, Ltd., Hayes, Middx.) 
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Tong with a 27-ft"reach_made by H.L, Instruments. 


Long Tong 


A prototype manipulator with a reach 
of 27 ft has just been developed by H. L. 
Instruments. Primarily intended for use in 
the near vertical position in swimming pool 
reactors, the tong comprises three sections of 
stainless steel tubing sliding within each 
other. Knurled friction nuts enable each 
section to be locked at any point. 

In operation the tong is held over the edge 
of the pool and a sliding self-locking handle 
is brought to the lower end of the first 
section. The lower section, carrying the head 
and jaws, is then withdrawn manually, 
followed by the next section. 

The head, a modified Harwell 4} in. pattern 
in stainless steel, is spring closed and 
hydraulically opened under the control of a 
trigger in the top fixed handle. Fully 
extended, the tong is 27 ft 3 in. long; it 
retracts to 9 ft 3 in. Total weight: approxi- 
mately 14 Ib. 

(Sole selling agents: General Radiological, 
Ltd., 15/18 Clipstone Street, London, W.1.) 
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Ruston and Hornsby’s NFB gas circulator. 


Gas Bearing Circulator 

The NFB class of gas bearing circulator 
recently introduced by the nuclear division 
of Ruston and Hornsby is intended both for 
laboratory experimental work and for the 
auxiliary circuits of large gas-cooled reactors. 

The rotating parts of the NFB circulator 
are carried on gas bearings which use the 
pumped fluid as lubricant. All moving parts 
are contained within a sealed pressure vessel, 
the electrical leads being brought out through 
vacuum-tight seals. The production of the 
bearings calls for exceptionally high 
standards of machinery, the shaft diameter 
being correct to within 50 w in. over a 
54-in. length. The NFB unit can be used 
in any application where it is necessary to 
pump gas at high pressure and temperature 
with minimum _leakage. Ruston and 
Hornsby have already carried out a series 
of tests with air, CO,, and helium at con- 
ditions of up to 450 p.s.i.a. and up to 
450°C. The unit will operate satisfactorily 
over a 10: 1 speed range when driven by 
a variable frequency A.C. supply. 


(Ruston and Hornsby, Ltd. (Nuclear 
Division), Linco!n.) 
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Pressure Ventilated Suit 

A new type of pressure ventilated suit made 
with Geon PVC sheeting, has_ recently 
been introduced jointly by Spembly and 





Spembly pressure ventilated suit made from 
Geon PVC sheeting. 
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Plysu Products. Designed and developed 
primarily to fulfil the requirements of 
A.E.R.E., Harwell, the suit will protect the 
wearer from radioactive dust without restrict- 
ing movement. Special features of the suit 
include full ventilation to the body and a 
fresh air supply to the helmet, both con- 
trolled by the operator. The weight of the 
air hose is taken by a special harness and 
the helmet allows unrestricted vision in all 
directions. The air supply is filtered and the 
pressure at source (25 to 30 p.s.i.) is sufficient 
to allow the operator to work up to 120 ft 
from the supply. 

(Spembly, Ltd., Manor Road, Chatham. 
Ply u Pioducts, Ltd., Woburn Sands, 
Bletchley, Bucks.) 
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Redcliffe recording oscilloscope, type 1239A 
for viewing and photographic recording of fast 
rising low duty cycle transients of the order 
of 4 millimicroseconds rise time. Made by 
Redcliffe Industries to U.K.A.E.A. design. 
(Oliver Pell Control, Ltd., Cambridge Row, 
1a" Road, Woolwich, London, S.E.18. 


Briefly... 


Heavy-duty valves.—Control valves in 
three-port and five-port form in 4-in., }-in. 
and 1-in. B.S.P. sizes have been introduced 
by Martonair. The four operating mechanisms 
—single pressure with air return, double 
pressure, lever with air return and _ three- 
position lever—are interchangeable between 
themselves and between different sizes of 
body. Martonair, Ltd., Parkshot, Richmond, 
Surrey. 
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Vacuum diffusion pump.—New 32-in. 
vacuum oil diffusion pump by NRC 
Equipment Corpn. provides increased pump- 
ing capacity, low ultimate pressure and high 
fore pressure tolerance. Model H.32.P has 
a top speed above 50,000 CFM (24,000 
litres/sec) at an inlet pressure of 1 by 10-4 
mm Hg. NRC Equipment Corporation, 160 
Charlemont Street, Newton Highlands 61, 

ass. 
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Patents Reviewed 


These abstracts have been made from British Patent Specifications, complete copies of which can be 


obtained from the Patent Office, 25 Southampton Street, London, W.C.2, at 3s. 6d. each (including postage). 


B.P. 793,905. Method of and apparatus for 
detecting gaseous fission products in 
effluent liquid. To: Atomic Energy of 
Canada, Ltd. (Canada). 

Sheath failures in liquid-cooled reactors 
can be readily detected by the presence of 
gaseous fission products in the coolant, 
which are separated from the liquid medium 
and transported in admixture with a non- 
radioactive gas (helium) to a chamber 
shielded from radiation where their presence 
is detected. The separation of gaseous 
fission products from the liquid coolant is 
carried out in a “stripper” (bubble 
chamber, spray tower, or falling film 
chamber) wherein a controlled area of liquid 
coolant, constantly replenished, is presented 
to the non-radioactive gas. 


B.P. 793,916. Breeder-converter nuclear 
reactor and method of manufacturing 
fissile material in the same. To: 
Babcock and Wilcox Co. (U.S.A.). 

In the heterogeneous pressurized light- 
water power reactor, the solid fuel U**, 
enriched with U***, is usually arranged in a 
geometric pattern. The pressurized light 
water flows through the fuel elements in a 
multiplicity of passages acting as coolant and 
moderator. During the operation, some of 
the non-fissionable U*** captures a percen- 
tage of neutrons and is converted into 
plutonium Pu**. However, the gain in 
plutonium is much less than the quantity of 
U**> burned. In order to increase the 
amount of fissionable material made so that 
it approximately equals the amount burned, 
a (generally) cylindrical shaped core is used, 
with a number of removable fissile plate 
assemblies and a number of removable fertile 
plate assemblies; the central portion of the 
core being arranged with each fertile plate 
assembly longitudinally surrounded by fuel 
plate assemblies. Surrounding the core is 
a breeding blanket composed of vertically 
elongated rectangular fertile plate assemblies. 
When the central portion of the core is 
burned up the peripheral assemblies are only 
partially burned and the depleted central 
assemblies are replaced by peripheral assem- 
blies, and new fuel plate assemblies are 
inserted in the peripheral portion. 


B.P. 793,919. Method and apparatus for 
generating and superheating steam from 
nuclear energy. To: Babcock and 
Wilcox Co. (U.S.A.). 

It has been proposed to use a separate 
(fossil) fuel-fired superheater for the low 
temperature, saturated steam obtained from 
the reactor. This proposal requires dual fuel 
services and complicates the operation. A 
fossil fuel-fired superheater, however, can be 
dispensed with by superheating steam from 
the heat emitted in the fertile material con- 
version. Steam is generated by the heat 
emitted in the fuel-consuming zone while 
the heat emitted in the conversion zone is 
preferably transported to a remote heat 
transfer zone by a fluid to effect the super- 
heating of the steam. It is also preferable 
to transport heat from the fuel consuming 
zone to a remote heat transfer zone. 


B.P. 794,022. Catalysts for fluorination. To: 
U.K. Atomic Energy Authority (U.S.A.). 


When fluorine reacts with hydrocarbon the 
heat produced tends to establish large tem- 


perature differences between different parts 
of the catalyst mass which slows up the 
reaction. By plating a metal (copper) inert 


in fluorine with silver, cobalt, manganese or 
cerium a good catalyst material is produced 
whose high thermal conductivity reduces the 
temperature differences. 


B.P. 794,023. Process for production of 
uranium hexafluoride. To: U.K. Atomic 
Energy Authority (U.S.A.). 

Anhydrous uranyl fluoride is reacted at 
an elevated temperature with elementary 
fluorine. 


B.P. 794,207. 
devices. To: 
Corp. (U.S.A.). 


Properties of material (density, composi- 
tion), profiles, thickness are measured by the 
absorption of electromagnetic radiation. In 
order to obtain radiation of a predetermined 
average energy a target of preselected charac- 
teristics (carbon, aluminium, iron, copper) is 
interposed between a beta-emitting radio- 
isotope (e.g., Sr°°) and the material. The 
target should be so thick as to stop at least 
98% of the beta rays. Electromagnetic 
radiation of a desired energy is emitted. The 
intensity of the radiation passing through the 
material is measured by a suitable detector. 


Electromagnetic radiation 
Industrial Nucleonics 


B.P. 794,224. Process for effecting nuclear 
fission reactions. To: Stichting Reactor 
Centrum Nederlands (Netherlands). 

The nuclear fuel is circulated in the form 
of a solution or suspension of fissile material 
through the reactor and through a_ heat 
exchanger. Flow through the reactor 1s 
effected under gravity. The solution or sus- 

pension is then carried upwards through a 

vertical riser by injection of gas at the lower 

end and the gas is separated again at the 
highest point. Where ordinary or heavy 
water is used as carrier liquid it has been 
found particularly advantageous to employ 
as the injection gas, a gas wholly or mainly 
of hydrogen (ordinary water) or deuterium 
(heavy water). The position of equilibria of 
the various possible decomposition reactions 
under the influence of radiation is mainly 
determined by the hydrogen or deuterium 
concentration. An increase in the hydrogen 
or deuterium concentration promotes 
reformation of water whereas an increase in 
the oxygen concentration promotes decom- 
position of the water. Excess hydrogen or 
deuterium in the gas circuit, therefore, 
operates as a safeguard. The gas separated 
from the fuel solution or suspension is at 
least partly freed, before it is recycled, of 
gaseous fission products and oxygen (add. 
to 755,495). 


B.P. 794,329. Nuclear reactor and method 
of operating nuclear reactors. To: 
Babcock and Wilcox, Ltd. (Germany). 

The operating temperature of carbon 
dioxide-cooled reactors is limited by the 
maximum temperature of the canning 
material for the fuel elements. Canning is 
required because otherwise radioactive gases 

(xenon) developed during fission tend to inter- 

fere with the operation. It is, however, 

possible to utilize core fuel which is not 
enclosed in gas-tight cans when the undesir- 
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able gaseous products evolved by the fuel 
are removed from the coolant by a solvent 
which exerts a selective dissolving action. In 
this arrangement the carbon dioxide which 
circulates in a closed circuit, is continuously 
dissolved after cooling has taken place in 
the heat exchanger under pressure in water. 
The insoluble xenon together with a part of 
the carbon dioxide is blown off through a 
valve. The carbon dioxide solution is then 
degasified in a low-pressure vessel and 
returned into the circuit. 


B.P. 794,490. Process for separating uranium. 
To: U.K. Atomic Energy Authority 
(U.S.A.). 


U.S. Patents Nos. 2,709,222; 2,758,006 and 
2,771,340 refer to the production of uranium 
enriched with mr? employing the 
‘** calutron’”’ method for separating the con- 
stituent isotopes of an element in several 
stages. A final salvage treatment is important 
because an oxalate solution of relatively large 
volume is left which contains singly enriched 
uranium. The usual process, however, is 
difficult to operate on a large scale. In the 
new method, the solution is admitted to the 
anode compartment of a mercury cathode 
electrolytic cell whose cathode compartment 
contains a hydrochloric acid solution. The 
compartments are separated by an _ ion- 
permeable barrier of a ceramic insulating 
material (alundum or sintered ‘‘ Pyrex ’’) 
which prevents mechanical passage of liquid. 
The uranium containing solution is then 
subjected to electrolysis in the cell causing 
transfer of uranium ions to the acidic solu- 
tion in the cathode compartment. The 
metallic impurity (nickel, iron, copper or 
chromium) is deposited in the mercury of 
the cathode. 


B.P. 794,551. High pressure closure. To: 
Babcock and Wilcox Co. (U.S.A.). 


The closure of a pressure vessel for high 
pressure and/or high temperatures has to be 
removable for repair or maintenance. Often 
remote operation is necessary so that heavy 
bolted flanges cannot be used. Vessel and 
closure are, therefore, made with flanges 
held together by C-shaped clamps arranged 
adjacent to each other around the periphery. 
Each clamp is pressed on to the oppositely 
inclined faces of the flanges by a clamping 
ring axially moved by jack screws to exert a 
wedging action, inclined plane faces engag- 
ing corresponding faces on the C-clamps. 
The jack screws may be driven by gear 
mechanisms in combination with a rotating 
gear ring. 


B.P. 794,614. Nuclear reactor. To: Cie. 
Francaise Thomson-Houston (France). 


Local increase of temperature by accidental 
stopping of the calorific flow by ebullition 
when a large quantity of vapour renders heat 
exchange contact between the fuel element 
and the ijiquid surrounding uncertain, can 
be dangerous. The temperature may become 
so high as to destroy the structure. It can 
be avoided by forced rapid circulation of 
the liquid under pressure. Ebullition can be 
tolerated when the flow of heat in the most 
loaded zone is limited to a value remote 
enough from the critical flow of heat. In the 
new arrangement, the formation of a con- 
tinuous film of vapour on the surface of an 
element is prevented by a surface configura- 
tion of the element casing with corrugations 
and protuberances enlarging the surface in 
contact with the liquid two to four times 
of the plain solid. 











